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ABSTRACT 


A number of studies have shown that the inclusion of noise 
or distractions in word problems tends to increase problem difficulty. 
Piagetian and related research has revealed that young children ex- 
perience difficulties in developing particular concepts due to their 
attention to irrevelant perceptual cues. There is some evidence that 
young children are also distracted in non-verbal mathematical problems, 
but the information is meager. The major purposes of the current study 
were to investigate the effects of distractions on problem-solving 
' behavior and performance in non-verbal problems, and the relationships 
between distractedness, sex, grade level, ability, conceptual tempo, 
problem difficulty, problem setting, and problem-solving performance. 

Six schools were chosen so as to represent, as far as 
practicable, the population of grade 1-3 students in a city public 
school system. Stratified random sampling procedures were used to 
select 10 groups, matched on sex and ability, from each of grades 1-3 
in the sub-population. At each grade level, each group of 12 students 
was randomly assigned to one of two partitive division problems (with, 

) 
or without a remainder) in one of five problem settings representing 
different types and amounts of distraction (minimal, situational, 
color-attribute, spatial-numerical, or maximum distraction). 

The 360 subjects attempted one problem individually, and 
were asked how many of 12 (or 13) given cars would be on each of three 
trucks if as many as possible were loaded so as to put the same number 


on every truck. Each subject was questioned closely in an attempt to 
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get at the thought processes used in the problem-solving task; in 
particular, to check for attention to distractions. Verbalizations 
were recorded on audio-tape, and non-verbal behaviors were noted on 
data cards. Subjects were allotted a score on the problem-solving 
task, and were classified as being distracted or non-distracted, and 
as fast (impulsive) or slow (reflective) responders. 

A five-way analysis of variance revealed highly significant 
main effects on problem-solving performance due to grade, ability, 
problem difficulty, and problem setting. There was no significant 
effect due to sex, but some interaction effects were noted. Chi- 
square goodness-of-fit tests, and tests for differences between prop- 
ortions or means were used to investigate other relationships. Very 
few of the subjects used a systematic process. The majority were 
distracted by irrelevant spatial-numerical or color-attribute cues. 
Distractedness was influenced by the problem setting, and had a very 
significant effect on problem-solving performance. The ability to 
cope with distractions increased with grade level, and was greater 
among girls than boys. More subjects were distracted in the problem 
with a remainder than in the one with no remainder. Reflective respond- 
ers were much more successful than impulsive responders, but conceptual 
tempo was independent of distractedness, sex, ability, or grade level. 

One conclusion was that distracted subjects appear to ident- 
ify and solve a different problem from the one assigned. Thus, irrelev- 
ancies act as distractions only when they form the basis of a plausible 
alternative problem for the child. Finally, some recommendations were 


proposed for both teaching and further research. 
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CHAPTER I 


THE PROBLEM AND THE NATURE OF THE INVESTIGATION 


Problem solving has always been an important component 
of school mathematics programs. Yet, despite extensive research, 
there is still much to learn about how children solve problems and 
what factors affect problem-solving performance. There is evidence 
to show that the inclusion of irrelevant data in a word problem 
increases its difficulty level. There are also studies which reveal 
that young children can experience difficulty in formulating specific 
concepts from concrete and pictorial material due to their attention 
to irrelevant perceptual cues. However, there is no research 
which has systematically investigated the role of irrelevancies in 
non-verbal problems. This study is an attempt to provide a found- 


ation for bridging that gap. 


Background to the Study 


In the field of mathematics education, problem solving 
has received more attention by researchers than any other area 
(Riedesel & Burns, 1973; Suydam, 1976). Reviews of research on 
problem solving in mathematics have provided some useful guides for 
teaching and learning, but many questions remain unanswered in this 
area (Kilpatrick, 1969; Riedesel, 1969; Suydam, 1976). Almost all 
the research undertaken to date has been directed at verbal problems. 


At the University of Alberta a research project was initiated 
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to study the behaviors of young children, aged 3 to 9 years, in 
solving non-verbal problems (Nelson, 1976a; Nelson & Sawada, 1975). 
The use of problems which were largely manipulative in nature meant 
that children could be studied at a much younger age than is possible 
in the case of word problems. In addition, since the problems re- 
quired many overt behaviors, a deeper insight could be gained into 
how children go about solving problems. A set of criteria for 'good' 
problems was developed for the study (Nelson & Kirkpatrick, 1975). 
These criteria were based on the research which was currently avail- 
able; in particular, on the work of Bruner, Dienes, and Piaget. The 
list of criteria for good problems is as follows: 
1. A problem should be of significance mathematically. 
2. The situation in which the problem occurs should 
involve real objects or obvious simulations of real 
objects. 


3. The problem situation should capture the interest 
of the child. 


4. The problem should require the child himself to 
move, transform, or modify the materials. 


5. The problem should offer opportunities for differ- 
ent levels of solution. 


6. The problem situation should have many physical 
embodiments. 


7. The child should be convinced that he can solve 
the problem, and he should know when he has a 
solution (Nelson & Kirkpatrick, 1976, pp 71-72). 
A number of investigators have reported findings from the 
above research project (Bourgeois, 1976; Bourgeois & Nelson, in press; 


Little, 1976; Nelson, 1976a; Nelson & Kieren, 1977). One finding 


showed that some children seem to experience difficulties in solving 
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problems due to their attention to irrelevant aspects of the problem 
situation. For example, Bourgeois found that, in division problems, 
many of the younger children classified objects according to attri- 
butes such as color, size or kind when attempting to make equivalent 
sets of things. Some children also engaged in detailed simulations 
which were not central to the problem. 

Such irrelevant data are generally referred to as "noise" 
or "distractions". Skemp (1971) maintains that "the greater the 
noise, the harder it is to form the concept (p. 29)."" He also states 
that the ability to form concepts under conditions of greater noise 
is an attribute of higher intelligence. Dienes (1963) makes a similar 
claim, and sees cutting through noise as a feature of the development 
of a mathematical concept. Biggs (1968), who develops the notion of 
assimilating information through coding of the relevant input, claims 
that "adaptive cognitive development is characterized by the product- 
ion of highly economical codes that cut away the maximum of noise 
(pe 26). 

The Piagetian studies provide numerous examples where 
young children's centrations on irrelevant data prevent them from 
developing specific concepts. For instance, children who had not 
grasped the concept of distance considered that the distance separ- 
ating two objects varied according to whether a door placed between 
them was opened or closed (Piaget, Inhelder, & Szeminska, 1960, 
pp 71-83). In the construction of a projected straight line, many 
children in the pre-operational stage saw the line as being straight 


only when it was parallel to the edge of the desk (Piaget & Inhelder, 
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1963, pp 156-169). Children were often unable to conserve because 
they focused on some irrelevant attribute; for example, a set of 
objects would be considered by some non-conservers to contain more 
when the objects were spread out further (Piaget, 1952, pp 43-47). 
Piaget's (1969) experiments with children's concepts of time showed 
that children were easily distracted by both speed and distance in 
reference to the notion of 'the same time' (pp 98-109). Inhelder 
and Piaget (1964) found that very young children continually varied 
their criteria when they attempted to classify objects (pp 21-31). 
Vygotsky (1962) also found similar results in tasks involving the 
classification of blocks -- children changed criteria to whatever 
attracted them. 

Stevenson (1975) lists a number of key factors of relev- 
ance to learning and cognition in mathematics. Two of these are 
repeated below. 


Children may make errors because they attend to 
the irrelevant attributes of a situation (p. 4). 


Young children are easily distracted by the pres- 
ence of irrelevant information (p. 5). 


Stevenson quoted several studies to support these statements. 

Gelman (1969) used oddity tasks to train five-year-old non-conservers 
to attend to the numbers of dots and to ignore the irrelevant config- 
urations of the dots on task cards. Following this training nearly 
all the subjects showed perfect conservation of both number and length. 
More than half were also able to conserve liquid and mass. Ina 
similar study Bryant (1974) succeeded in training four- and five-year- 


olds to conserve number. Objects were arranged in a line and the 
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subjects were taught to ignore the irrelevant length cue. Lubker 

and Small (1969) presented young children with oddity tasks which 
required them to select the object different in color. When one or 

two irrelevant attributes such as size or thickness were also included, 
the subjects performed only slightly above chance level. With no 
irrelevant attributes, over 90 percent of responses were correct. 

Mansfield (1970) used three different visual discrimin- 
ation problems to investigate the effect of noise on the performances 
of kindergarten and first-grade children. On each problem the subject 
learned to make a correct response in the absence of noise. Irrelev- 
ancies were then added in graduated increments in successive trials 
until the subject made an error. The thresholds for noise were found 
to be a function of the type of problem. Also, there was an improve- 
ment with age in the ability to cope with noise. 

There are also other studies which indicate that young 
children are distracted by visual cues. For example, Saltz et al 
(1972) administered classification tasks to children in kindergarten, 
grade three, and grade six. The subjects had to decide which of 70 
pictures were instances of six different concepts. The physical 
appearance of objects was a more critical factor in the conceptual 
behavior of the younger children than the older children. Thus, 
younger children focused on the irrelevant perceptual attributes 
rather than on the functional ones. Winer and Kronberg (1974) pre- 
sented class-inclusion tasks in both verbal and pictorial form to 
children in grades K-6. The purely verbal form of question was 


found to be less difficult than the pictorial form. A similar study 
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by Wohlwill (1968) yielded the same findings. Smedslund (1964) also 
obtained similar results in a study involving the class-inclusion 
concept. Children were introduced to materials set before them, then 
asked a class-inclusion question about these materials. Smedslund 
found that his subjects were more likely to respond correctly when 
the objects were covered over than when they were left exposed. 
Apparently, certain visual cues tended to act as distractions. 

Bruner (1966) identified three modes in which information 
is represented and processed -- the enactive, iconic, and symbolic 
modes (p. 28). These correspond to the concrete, pictorial, and 
abstract levels of representation. The results of the four studies 
just cited suggest that young children perform better in the symbolic 
mode than in either the iconic or enactive modes. This may be true 
for certain concepts. However, it is contrary to what is advocated 
in mathematics learning generally, and conflicts with other research. 
For example, Steffe and Johnson (1971) found that first-graders 
performed better on addition and subtraction problems when objects 
were present than when they were not. This result applied to all 
eight different problem types used in the study. 

A number of studies have been undertaken to investigate 
the effect of distractions m performance in word problems. Jerman 
(1972) used a linear regression model in an endeavor to predict fifth- 
graders' performances on verbal problems in mathematics. He found 
that 87 percent of the variance in problem difficulty was accounted 
for by five of nineteen selected independent variables. One of the 


five variables was a verbal distraction. The verbal distractions 
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were in the form of misleading cue words such as "more" or "left" 
which actually had no bearing on the solution of the problem. Nesher 
and Teubal (1975) devised word problems which could be solved by 
either addition or subtraction and presented them to first-graders. 
When the cue word "more" was included in the problem subjects tended 
to use addition to solve it, but when the cue word "less" was included 
in the problem subtraction was the preferred operation. The same 
results were obtained with fifth- and sixth-graders using the cue 
words "buying" and "losing'’. As Nesher and Teubal point out, such 
cue words are sometimes relevant and at other times not. 

Biegen (1971) defined three types of data in verbal prob- 
lems he devised for eighth-graders -- necessary and sufficient data 
to solve the problem, irrelevant data which could not be used to solve 
the problem, and immaterial data which could only lead to a solution 
through the use of inefficient strategies. Biegen found that problems 
which included only significant data were the least difficult; problems 
which also contained irrelevant data were more difficult; and those 
with immaterial data were the most difficult. Blakenship and Lovitt 
(1976) cited several studies which demonstrated that problems contain- 
ing extraneous information severely impaired the accuracy of educable 
mentally retarded (EMR) students. Blakenship and Lovitt undertook an 
intensive study of seven boys, aged nine to twelve years, of normal 
IQ who were functioning one year behind their peers in mathematics. 
They found that both the presence and the placement of extraneous infor- 
mation in word problems involving addition and subtraction affected 


both speed and accuracy of computation. Sedlak (1974) undertook a 
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similar study with nine-year-old EMR children. His study showed that 
both good and poor problem solvers found word problems with extraneous 
information more difficult than problems without such information. 

It is apparent that children can be distracted in all three 
modes of representation -- the enactive, iconic, and symbolic. The 
Piagetian studies provide many examples of children being distracted 
by perceptual cues at the pre-operational stage. However, it would 
be reasonable to assume that when children attain the stage of formal 
operations distractions will have little effect. There is some evid- 
ence to support this assumption. Mansfield (1970), in his review of 
the literature in this area, noted that the amount of incidental 
learning seems to decrease as children get older. This decrease in 
incidental learning could be interpreted as a decrease in attention 
to irrelevancies. Keele (1973) cited several studies with adults 
which showed that irrelevant attributes either had no significant 
effect on performance, or caused some interference only when they were 
very difficult to discriminate from relevant cues. 

Arter and Clinton (1974) examined some effects of irrelev- 
ant data in arithmetic word problems for fourth-graders. Problems 
were administered individually with multiple-choice responses provided. 
Irrelevant data had no significant effect on errors but influenced the 
time taken to complete the problem. The problems with irrelevant data 
took longer to solve than problems without such data. 

The study by Arter and Clinton raises questions concerning 
the relationship of conceptual tempo to problem-solving performance, 


and to how children handle distractions in problems. Kagan (1965) used 
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his "Matching Familiar Figures" test to identify (fast) impulsive 
and (slow) reflective subjects. Cathcart and Liedtke (1969) used 
similar procedures to classify second- and third-graders. They 
found that reflective subjects performed significantly better than 
impulsive subjects on both basic number facts and problems. Schwebel 
and Schwebel (1974) administered class-inclusion and conservation 
items to a control and an experimental group of first- and second- 
graders. The subjects in the experimental group were not permitted 
to respond until a given period of time had elapsed. This group 
performed significantly better than the control group where subjects 
could respond at will. It seems that conceptual tempo has consider- 
able influence on children's performances on mathematical tasks. It 
would also be useful to know whether or not impulsivity and reflect- 
ivity are related to how children handle distractions in mathematical 
problems. 

It is apparent from the research already discussed that 
children can be distracted by irrelevant data. Perceptual cues can 
act as distractions in both enactive and iconic modes of representat- 
ion. Piagetian and related studies have shown that attention to 
irrelevant attributes hinders the development of specific concepts. 
Investigations of distractions in problem solving have been restricted 
to the symbolic mode of representation. There is a need to learn more 
about the role of distractions in non-verbal mathematical problems. 
This study was prompted by that need. Bourgeois (1976), in his study 
of young children's behaviors in non-verbal division problems, made 


this recommendation for further research: "The area most in need of 


i 
- 


a, Bn ay | On 


oalaliaget (yen) yi) aaaht os tees” 
(pees (970!) wtebond ibn. axhodded pincnipsanhapeeres 


xsi) sexntucna-betds fine ~bagoer “cl kaesilo 02 sounecoty saltabm 
ands -ted2ed eldomshiiagia.boardtTsq etoatdve ayssooliee seda bowod 
indowriat vane) dong baw 2Yod1 xedew oueed dsodooo saustdew owralagal 
gctseranandn fie inobenioni~eap(s/ beastetolabs (O10) todawdo® bom 
“haeoen bas <Set3 7 lo quertyg totnsm) teqe= ae bas lowinos oof emegk 
per shaneg Gon oxsw quoxg [escent segxe of? pl aj ot dire ont -areheaxg 


Guesg actt -beaqeis bad sli to bolrsq novia - Livan @a0qgaes a2 
eiostdie eyadw ancye fortnos she anid tsatod vLandalthughe baerrotaeg 
«yobkenus) uot cawes Laitqescoo cad: somee i =6-hEtw 3s baogeea bfue. 
3% .ektony Do timnwiltes fe. ketunegiied e' hetbi tio no -eocepiad akdy 7 


<s9eT3er fan. vtivielage) 260 2.0 teilore wana 6 tutseu ad ocala bivow x! y 
Xs 

ins tagendsaw cl enébtcats city 6lbakd asibllild wot of hageben sxe etek A i 

eneiderg 


7 
sm *heéayoei vbsorle ioxpskst ats mot? Jobtaqqe ob Gt 6oGm) 


min ego fewiqesas?. .c.sal somveliigl yd fstonx3e?b od oe3 ows Lt it le 
~tetimwerqe: 6 aubam araoat bus evitosas died ni anolisertelb- ee 39m |G 
@¢ molsongie 3640 avorte ved esibute beinlsx brs opieeget? coe aw 
esysames StPivsge to tiwtiyplowsh ad7 =tedeld eosmdhetn seneneRee 7 
hidstatbied ied avi inivioe muidonq 9%, anotionzaaih %0 emetoegAoneee ‘ 
stom seasbeGi Downe ot orsKl .mvitesnokeaqas 10 sbom otfadmys edhe 9 | 
alton Sa stsemmiigae IndzAv-o0a nt saptiosrtarb to 9fox ute ameiiy | 
Pete ts At (ATELY etnvgTIot team auc 48 boznnory sr ehuste ialt 
 Keihtavmnna tt, saatvedee = noxbUbe gmeoe NO 


Tn nell pe 


oo 
nm 


a 
7 


7) 
7 


; 


10 


answers at the present time appears to be the role that distractions 
play in problem-solving situations (p. 116)." 

Although the study reported by Bourgeois was not specific- 
ally designed to investigate distractions it did provide some useful 
hints on possible lines of inquiry. He found that young children 
often classified animals by kind and cars by color when they were 
required to make equivalent sets of objects. In one division problem 
requiring three cars to be put on a ferry-boat some children wanted 
to load four cars simply because the ferry had room for four. This 
suggested what may be termed a "'spatial-numerical" distraction. The 
realism of the problem situation seemed to encourage detailed sim- 
ulations which were not relevant for solving the problem. These 
findings suggested at least three types of distractions -- color- 
attribute, spatial-numerical, and situational. 

In commenting on these results, Nelson (1976a) stressed 
the need to develop 

problems in division in which the child could be provided 

with distractions of various kinds and amounts and to 

make a systematic study of these distractions and their 

influence on problem solving behavior (p. 52). 
For this study it was decided to devise five different problem sett- 
ings involving division; one with minimal distraction, one for each 
of the three distraction types described above, and one to include 
all three kinds of distractions. In this way, the effects of diff- 
erent qualities and quantities of distractions could be investigated. 

Kilpatrick (1969) suggested that researchers of problem 


solving in mathematics should "undertake clinical studies of individ- 


ual subjects . . . because our ignorance in this area demands clinical 
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studies as precursors to larger efforts (p. 532).'"' The Soviets 
have found this approach very fruitful in their studies (Kilpatrick 
& Wirszup, 1969). The use of qualitative research methods and the 
interview technique to determine how children think are currently 
receiving increased support (Nelson, 1976b; Suydam, 1976). The 
interview technique seems to produce valuable information which 
might otherwise be missed, as shown by Lankford (1974), Erlwanger 
(1975), and Ginsburg (1976). 

In this study the interview was chosen as one method for 
investigating the role of distractions in the non-verbal problems. 
The use of such problems meant that some information could also be 
gained by observing overt actions generated by the problem setting. 
Piaget (1973) states that "the pupil will be far more capable of 
doing . . . than of expressing himself verbally (p. 86).'' However, 
Shulman and Elstein (1975) warn that observations of actions are 
insufficient in themselves. They maintain that it is probably more 
crucial to note how the subject "sizes up the situation, how the 
problem is formulated, what is judged to be relevant and what irrel- 
evant (p. 36)." 

The thinking aloud technique has been widely used in prob- 
lem-solving studies. However, Donaldson (1963) points out that such 
a procedure may interfere with and actually alter thought processes. 
There is some evidence to support this contention (Flaherty, 1975; 
Shulman & Elstein, 1975). The thinking aloud technique was therefore 
rejected as a procedure for this study. Shulman and Elstein claim 


that the use of stimulated recall to review the problem could yield 
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valuable insights into the problem-solving process. Success with 
this procedure would probably be somewhat limited in the case of 
younger children. However, for the current study it was considered 
to be a useful complement to the direct observation of problem- 
solving behaviors. 
In this study, scores were allocated to each subject 

on the problem-solving task in order to differentiate between sub- 
jects' performances in a quantitative manner. The general trend in 
school mathematics and in most mathematics tests has been to score 
items either right or wrong. However, there is more to mathematics 
than simply producing the correct solution; especially in the case 
of problem solving. Polya (1957), in emphasizing the heuristics of 
problem solving, suggested four main phases: understanding the prob- 
lem, devising a plan, carrying out the plan, and looking back. Gagné 
(1966) summarized the main stages of problem solving as follows: 
~{1) statement of the problem; (2) defining the problem, by distinguish- 
ing essential features; (3) searching for and formulating hypotheses; 
(4) verifying the solution (p. 138)." 

| It appears that success on a problem-solving task should 
not be measured on the basis of the solution alone. Indeed, it is 
possible to attain a correct solution by an invalid process. Also, 
incorrect solutions can result from miscalculations even when a valid 
process is used. Then again, a subject may employ a valid process 
and solve the problem yet still be unsure of the result. Thus, it 
seemed appropriate that three factors should be considered when allo- 


cating scores on the problem-solving task: the process used, the 
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solution, and verification of the solution. 
A pilot study was undertaken to refine the procedures 
to be followed for the main study (Bana & Nelson, in press). This 


is discussed in Chapter II. 


Purpose of the Study 


The central purpose of this study was to investigate the 
effects of distractions on young children's problem-solving behavior 
and performance. More specifically, the major purposes were to: 

(i) observe, record, and analyze behaviors of first-, second- 
and third-graders attempting to solve one of two non-verbal 
partitive division problems (one with a remainder; the other 
with no remainder) in five problem settings representing 
different qualities and quantities of distractions; 

(ii) investigate subjects' interactions with distractions in the 
five problem settings; 

(iii) examine the effects of distractedness and conceptual tempo 
on problem-solving achievement, and the relationships of 
these factors to sex, ability, grade level, problem diffic- 
ulty, and problem setting; and 

(iv) determine the main effects of sex, grade, ability, problem 
difficulty, and problem setting on problem-solving achieve- 


ment, and also determine any interaction effects. 
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Definitions 


Conceptual Tempo. The tendency of a subject to respond either 
quickly or slowly to the problem question. Based on a median 
split of response latency only, subjects were classified as 
either "impulsive" (fast responders) or "reflective" (slow 
responders) on the dimension of conceptual tempo. 

Distractedness. Whether or not a subject attends to distractions 
in the problem setting. 

Distraction. Any item of information which is not relevant to the 
development of a concept or the solution of a problem. 

Partitive diviston. A partitive division problem is one in which 
the number of elements in each subset is to be determined when 
a set of elements is separated into a given number of equivalent 
subsets. 

Problem setting. The characteristics and arrangement of the apparatus 
designed to embody a problem. 

Problem-solving behavior. The overt actions and verbalizations mani- 
fested by a subject's interaction with the problem setting during 


his or her attempt to solve the given problem. 
Assumptions 


1. It was assumed that the two problems embodied in any one of the 
five problem settings devised for the study each met the set of 
criteria for a good problem. 


2. It was assumed that the behaviors of the subjects in a clinical 
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situation were indicative of the way they would tackle the 
problem in their everyday experiences. 

It was assumed that the range of observed problem-solving 
behaviors were dictated by the problem and the problem setting. 
It was assumed that the effects of distractions, such as the 
use of a tape-recorder, which were extraneous to the problem 
setting were the same for all subjects. 

It was assumed that from the recorded data it was possible both 
to allocate meaningful scores to each subject on the problem- 
solving task, and to determine whether or not each subject was 


distracted. 
Limitations of the Study 


No attempt was made to investigate the effects of possible dis- 
tractions in the problem question which was posed verbally by the 
experimenter. However, the problem question was identical for 
all subjects irrespective of the problem or the problem setting. 
The problem settings did not contain all possible distractions 
for the two partitive division problems. 

Since both problems involved partitive division, and each subject 
attempted only one of these, the effects of distractions in these 
problem settings would have limited generalizability to other 
mathematical problems. 

Although it is possible that the socio-economic status (SES) of 
subjects may have some effect on how they deal with distractions, 


SES was not used as an independent variable in this study. Instead, 
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an attempt was made to select a sample which would reflect the 
distribution of SES levels in the population. 

5. The procedure devised for the allocation of performance scores 
on the problem-solving task was not based on empirical research, 
and therefore may not have been the most appropriate system to 
use. 

6. A section of each interview was largely unstructured. This led 
to some loss of information in categories where the data were to 
be analyzed in a quantitative manner. Also, in some instances, 
questions were posed in such a manner that responses were suggested 
to the subjects, so the information gained in this way could not 


be interpreted. 
Significance of the Study 


It has been shown that distractions significantly affect 
the development of specific concepts when enactive and iconic modes 
of Pe ichandheion are used. The inclusion of irrelevant data in 
mathematical word problems tends to increase the difficulty of such 
problems. However, the role played by distractions in non-verbal 
mathematical problems is not at all clear, and raises many questions. 
This study which is limited in scope cannot provide all the answers, 
but it should yield useful information which may form the basis for 
more extensive research in this area. 

During the past two decades there has been an increasing 
emphasis in school programs on the development of mathematical con- 


cepts from realistic situations within the child's environment. This 
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trend has been accompanied by the use of a wide variety of both 
structured and unstructured manipulative aids, particularly in the 
lower elementary school grades. Freudenthal (1973) insists that 
"mathematics should be tied to reality when it is learned (p. 405)." 
Most mathematics educators would agree. But in order to abstract 
mathematics from the environment the child needs to cut through many 
irrelevancies. More needs to be known about the effects of these 
distractions on mathematics learning so that the teacher will be in 
a better position to make effective use of realistic problems with 


concrete materials. 


Outline of the Study 


The problem and the nature of the investigation were ex- 
plained in this chapter. Chapter II contains a detailed description 
of the design of the investigation. The findings of the study are 
reported in Chapter III. Chapter IV includes a summary of the invest- 
igation, a discussion of the findings and their implications, a list 


of conclusions, and recommendations for both research and teaching. 
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CHAPTER II 
DESIGN OF THE INVESTIGATION 


The central purpose of the study was to determine the 
effects of distractions on young children's problem-solving behavior 
and performance in non-verbal problems; namely, partitive division 
problems. The specific purposes were listed in Chapter I. This 
chapter provides details of the problems and problem settings, the 
population and Cerne the interview protocol and scoring procedure, 
the pilot study, and the methods employed to analyze and verify the 


data. 
The Problems 


Two partitive division problems were devised for the study, 
and each conformed to the set of criteria for good problems outlined 
in the previous chapter. One problem involved three toy trucks and 
12 toy cars. The subject was shown the materials and asked how many 
of the given cars would be on each truck if as many as possible were 
loaded onto the three trucks so there would be the same number of cars 
on each truck. This problem was defined as one of low difficulty, and 
was designated problem A. The second problem, designated problem B, 
was identical to problem A except that there were 13 cars instead of 
12. Problem B was defined as one of high difficulty, since it in- 


volved a remainder. 
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The two problems may be expressed mathematically as 


follows: 
Problem A. 12 +n = 3 
Problem B. UES hoo Falk | 


The algorithmic form for division may also be used to express the 


problems. 
Problem A. 12 = (3 xn) +r 
Problem B. 13 = (3 x n) + r, where n and r are whole numbers 


and s0ese race 5. 
Since one problem involves a remainder, and the study involves young 


children, the second method of representation seems more appropriate. 


The Problem Settings 


Each of the two problems was embodied in five different 
problem settings. These settings were designed to include different 
types and amounts of distractions. The first problem setting, 
which is illustrated in Plate 1, was defined as the "minimum distract- 
ion" setting. The manipulative materials consisted of three yellow 
toy trucks and 12 yellow toy cars (13 for problem B). All three 
trucks were identical in shape, color, and size. Each truck tray was 
11.2 cm long and 6.5 cm wide. The 12 (or 13) cars were similar in 
color, size, and basic design, with very slight variations in styling. 
All the cars were 5.3 cm long and about 2 cm wide. Thus, each truck 
could hold six cars if they were placed lengthwise and packed close 
together, or four cars with reasonable spacing; or five cars if they 


were placed crosswise on the truck. These manipulative materials were 
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Plate 1. First Problem Setting 


arranged as in Plate 1 on a pale green sheet of paper 97 cm x 64 cm 
which was on a low table. 

The materials used in the remaining four problem settings 
had the same dimensions as those in the first setting. The second 
problem setting, which is illustrated in Plate 2, was defined as the 
"situational distraction" setting. The paper backing sheet had a 
roadway and parking area painted on it, and all other objects were 
Brraneed as in Bree 2. The cars and trucks were the same as in the 
first problem setting. A model of a building was located across the 
road from the parking area which contained the 12 (or 13) cars. The 
three trucks were on the roadway, with the first truck at a loading 
ramp. A toy man was positioned in the right front corner on the 


back of each of the first two trucks in line, while another man was 
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Plate 2. Second Problem Setting 
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Plate 3. Third Problem Setting 
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near the foot of the loading ramp. The additional objects in this 
setting were included to add more realism to the problems, and to 
act as possible distractions. 

The third problem setting was the "color-attribute 
distraction" setting as shown in Plate 3. The first truck in line 
was blue, the second was eee and the third one red. There were 
three blue nee A tee yellow cars, and five (or six) red ‘cars. The 
cars were arranged as shown Ms that no two cars of the same color 
were adjacent to one another. The fourth problem setting included 
the same materials as the minimum distraction setting except that 
six bays were marked on the back of each truck, as illustrated in 
Plate 4. The fourth setting was defined as the "spatial-numerical 


distraction" setting. 


Plate 4. Fourth Problem Setting 
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The fifth problem setting pictured in Plate 5 was called 
the "maximum distraction" setting, since it included all the irrelev- 
ancies of the other problem settings. All the materials were posit- 
ioned in identical fashion to the arrangement in the second situational 
distraction setting. Both the trucks and Pheieare were color sequenced 
as in the color-attribute distraction setting, but the backs of the 
' trucks were marked out in six bays as in the fourth problem setting. 
The five photographic plates illustrate the five different pert ince 
for problem A. Problem B was embodied in the same five settings; the 


only difference being the inclusion of one additional car in each case. 


Plate 5. Fifth Problem Setting 
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Population and Sampling 


The population for the study consisted of the children 
in grades one, two, and three in the Edmonton Public School system 
in Edmonton, Alberta. It was not possible to gain access to all 
schools, so the sample could not be drawn from the population as a 
whole. Therefore a modified procedure was used. Six elementary 
schools were selected from those in the system, and the sample of 
subjects was drawn from them. The selection of the schools was 
based primarily on socio-economic status (SES) but also on geo- 
graphic location, in order to gain some measure of control over these 
two variables. The SES of schools, rated on a five-point scale 
ranging from one (for very low) to five (very high), was obtained 
from the school authorities. Four schools with a See of three, 
one with a rating of two, and one with a rating of four were selected. 
This distribution of ratings reflected-- as near as possible-- the 
distribution for the system as a whole. The six schools were also 
selected so as to represent the major geographic areas of the city. 
These schools, which were comparatively large, were considered to 
provide a sample which was reasonably representative of the total 
population of grade one, two, and three children. 

Most of the children in the six selected schools were 
organized into single-grade classes. The first-graders in these 
schools were in 25 different classes, the second-graders in 22, and 
the third-graders in 20 different classes. A stratified random 


sample of 120 children based on sex and ability was drawn from each 
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of the three grade levels, thus providing a total of 360 subjects 
for the study. No single criterion measure for ability was avail- 
able for all three grades, so two different measures were used. A 
subject's percentile rank on the Metropolitan Readiness Test (MRT) 
was usedas the criterion for ability in grade 1. In each of the 
other two grades a subject's percentile rank on a standardized 
mathematics test, developed and administered by the school system, 
was the ability criterion. 

The procedure used to select subjects was as follows. 
Ten boys were randomly selected from all first-grade boys in the 
six schools who had MRT percentile ranks in the 10-15 range. These 
subjects were randomly assigned to ten groups on the basis of one 
per group. This process was also used to select and allocate ten 
first-grade girls from the 10-15 percentile range, resulting in a 
boy-girl pair at this ability level in all ten groups. The same 
procedure was employed for each of the following percentile ranges: 
25-30, 40-45, 55-60, 70-75, and 85-90. Thus, all ten first-grade 
groups were matched on sex and ability. Each group consisted of 
three boys and three girls above the median score on the MRT (high 
ability), and three boys and three girls below the median score 
(low ability). 

Ten matched groups for each of grades two and three were 
selected in the same way, except that the percentile ranges applied 
to standardized mathematics tests and not to the MRT. At each grade 
level each group of 12 subjects was randomly assigned to either 


problem A or problem B in one of the five problem settings. Thus, 
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each of the 360 subjects attempted only one problem. 
Interview Protocol and Scoring Procedure 


The researcher, in the role of experimenter (E), inter- 
viewed every subject (S) individually and used the following pro- 
tocol for all subjects: 


The materials for the particular problem and problem 
setting were arranged as shown in the photographic 
plates and placed on a low table in an interview room. 

E walked with S from the classroom to the interview 
room. During this walk E conversed informally with S 

to make him or her feel at ease, then stated: "I just 
want you to try something for me.'' S was shown the 

cars and trucks then asked whether he or she had toy 
trucks at home, and whether S ever played with them. 

E, who sat across the table from S, then posed the 
problem question as follows: "We have to load as many 

of those cars as we can onto the three trucks, but we 
must put the same number of cars on every truck. How 
many of those cars will be on each truck? I'll ask you 
again to make sure you understand.'"'" E then repeated the 
problem question and asked: "Do you understand?" E re- 
peated the problem question again if S was still unsure, 
if S asked any questions at all, or if S seemed uncertain 
how to respond. When S gave a solution E asked: "Are 
you sure that's right?" If S responded in the affirm- 
ative E asked again: "Quite sure?" Otherwise S was free 
to check the solution or alter it. In any case the 
previous two questions were repeated for each solution 
given, until S either confirmed a solution or indicated 
the unlikelihood of any further progress. When a solution 


was confirmed E asked a question of the following form: 
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"How did you know there would be . . . on each 
truck?" S was then questioned further about his 

or her actions, verbalizations, and thoughts to 
determine the process used to solve the problem, 
whether or not S was confident of the solution if it 
was correct, the reasons for any observed actions, 


and S's reactions to distractions. 

The above interview protocol was followed for all 360 
subjects. Care was taken to ensure a standardized format during 
the period from when the problem question was first posed until the 
subject confirmed a solution and was asked the reason for it. There- 
after the interview session was unstructured, and was determined by 
the subject's antecedent and subsequent verbal and non-verbal behaviors. 
It was therefore inappropriate to follow a set interview pattern 
once the problem-solving task was complete. The major objective was 
to get at the thought processes used by the subject in attempting to 
solve the problem. Each interview was recorded by means of a small 
cassette tape-recorder with pra pe enal microphone. The subject was 
observed closely, both while attempting to solve the problem and 
during the subsequent interview session. Non-verbal behaviors were 
noted and recorded on a data card. 

Each subject was allocated a score of either zero, one, 
two, or three points for the problem-solving task. One point was 
awarded if the subject's first solution was correct. Whenever a 
solution was given the subject was asked whether he or she was sure 
this was correct. Thus, opportunities were provided for subjects 
to reflect on their responses and alter them if they desired. A 


point was awarded if the subject confirmed the correct solution and 
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demonstrated confidence in it. The third point was allotted if 
the subject used a valid process in attempting to solve the problem. 
If the subject made a deliberate attempt to partition the given set 
of cars into three equivalent sets this was considered to be a valid 
process. The following three methods were each classified as a 
valid process for both partitive division problems: 

(i) Using division or multiplication operations; 

(ii) Distributing one car per truck in rotation; and 


(iii) Employing trial and error methods, either manipulative 
or otherwise, in attempting to partition the given set 


of cars into three equivalent sets. 
The use of any one of the above processes could lead to the solution 
of the problem. 

It was possible for a subject to give the correct solut- 
ion initially by some invalid process, such as deciding that only 
four would fit on each truck, then failing to confirm this solution. 
Only one point was allocated in such cases. Those who also used a 
valid process were obviously more successful on the problem-solving 
task and were awarded an additional point for this. However, to 
gain the third point subjects had to show mastery of the task by 
confirming their solution and demonstrating confidence in it. A 
subject who used a valid process but did not attain the correct 
solution was awarded one point only. If a subject gave an incorrect 
solution initially, but then achieved solution by a valid process 
and confirmed it, two points were allotted. 

The average time taken for each interview was approxi- 


mately five minutes. All the data for the study was collected in 
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November and December, 1976. 
The Pilot Study 


In October, 1976 a pilot study was undertaken to check 
the feasibility of the main study and clarify procedures to be 
used (Bana & Nelson, in press). Using a similar procedure to that 
outlined for the main study, four groups matched on ability were 
selected from each of grades one, two, and three in a large elemen- 
tary school in a relatively high socio-economic area of Edmonton. 
Each group consisted of four boys and four girls. At each grade 
level each of the four groups was randomly assigned to problem 
A (12 + n = 3) in one of the first, second, third, or fourth problem 
settings which were described previously. The interview protocol 
and scoring procedures were similar to those adopted for the main 
Study. However, the problem question was put in a slightly different 
manner and began with, ''We have to load all those cars onto the 
three trucks". This was altered to "We have to load as many of those 
cars as we can onto the three trucks" for the main study, due to the 
inclusion of problem B (13 + n = 3) which involved a remainder. 

Almost one half of the 96 subjects in the Bice study 
were distracted by irrelevancies in the problem settings. Subjects 
who attended to distractions were less likely to attain solution of 
the problem than those who ignored them. The mean scores for all 
three grades combined were 2.08, 1.83, 1.33, and 1.17 in the four 
respective problem settings. The fourth setting, with bays marked 


on the trucks to act as a spatial-numerical distraction, produced 
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the lowest mean score. There were some significant differences 
between scores in the four problem settings, both within each grade 
and over all three grades. Thus, the problem settings which repre- 
sented different qualities or quantities of distractions affected 
scores on the problem-solving task. In the case of subjects who 
solved the problem verbally without manipulating any of the cars, 
it was sometimes difficult to determine whether they had been dis- 
tracted or not. Also, distracted subjects rarely gave any reason 
for their strategy. 

The pilot study showed that distractions do play an 
important role in young children's problem-solving behaviors, and 
provided justification for a more extensive study. The design of 
the pilot study provided a viable rationale for the main study, 
with some modifications. Firstly, a fifth problem setting to in- 
clude a number of distractions in combination Beened warranted. 
Secondly, the pilot study's results suggested that if children are 
distracted differently in different problem settings then perhaps 
the same might be true for different levels of problem difficulty -- 
thus, the inclusion of problem B in the main study. Finally, the 
interviewing experience in the pilot study pointed to the need to 
question children more closely in order to get at the thought 


processes used in their attempts to solve the problem. 
Data Analysis Procedures 


Individual data cards were prepared prior to the inter- 


view. Each card identified the subject and indicated the sex, grade, 
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ability level, problem difficulty level, and problem setting for 
that subject. Non-verbal behaviors exhibited during the problen- 
solving task and interview were recorded on these data cards. 
Verbalizations were recorded on audio-tapes. When the data collect- 
ion was complete categories were set up to summarize and classify 
the data from both the cards and tapes. The format of the data 
coding sheet, including some examples of coded data, is given in 
Appendix B. 

The various methods of solution used by subjects, in- 
cluding subjects' attention to distractions, and the rationales 
behind the different solution strategies were analyzed and described. 
The time which elapsed from when the problem question was repeated 
until the subject gave his or her first solution was noted. This 
was used to classify subjects on conceptual tempo as either fast or 
slow responders, based on a median split. The relationships between 
factors such as methods of solution, distractedness, and conceptual 
tempo; the effect of these factors on scores; and the relationships 
of these factors with sex, grade, ability, problem difficulty, and 
problem setting were examined by chi-square tests of goodness of fit, 
or z tests of differences between proportions or differences between 
means aS appropriate. A five-way analysis of variance was carried 
out to test for the main effects of sex, ability, grade, problem 
difficulty, and problem setting, and for any interaction effects. 

The studentized range statistic or q test was the a posteriori test 
used on the results of the ANOVA to check for significant differences 


between means within single categories (Winer, 1971, pp 185-187). 


-sipiits atch ots oni .eamer-othie! wo Sslsoan? srw anehsasiendest 
Citanat'Ske seinen 09 ou 380 AHN wotsonAAa, te ee 7 
aiel oily Wo tpbesod ait? aged baw abzo0 sila tod mont) usa ats oa 
gh aeviy si ,etal betes 10 aetyoaxs agod gttbulont - santa gatos 


8 xibasgaA > 
“at ,23nelivee <o baey eotiulée 20 sbotioen avolsev adh 9 Oe a 
. 7 
esisnolies sis bos _eoobsangaekh of aofseos ss ‘zane(due gatbels ia 
badivoeash Ens besyleae staw relgrinsze adtagloes tasralith ete bolded 7 
® , _ _~ 


peiusqax ene nolteon) meldor o3 nade mozt Gexgela dakiw eats eer 
gut? <bavor déw duisiles 20787 43d welt evng! soegden addy Lamu | 
10 Jee? zedFid 2s ‘oqhs? feutesriann fe e2>efidim treesio 02 bose! ese" a 
naveved eqldesnitatss sil .silgqe seiise « oo baued vexabooanes woe m 
Let3qssa0n bre  geanisis62ie!b .nelsulos ic sborise we ove erason3 - 
eqriaabize fst a3 bas ;a:adsa 29 wioToN) Se9fi 20 acette ars regen o 
bas ,ytvails metdorg ,chiineg | ese nae ibe srdze) sna | 


“ie 
- 


(74% To ‘agenboog Yo sted ern. tac ote gape mel | _ 
saswasd assasaet itt 10 wootsoyors asked eauneaoiith to eanasate, F 
oie ghee Aantal ite 


32 


Experimenter Reliability 


The experimenter coded the data from the audio-tapes 
and data cards onto a coding sheet, as illustrated in Appendix B. 
An independent coder was engaged to do likewise for a sample of 
subjects in order to establish some estimate of reliability. The 
independent coder was instructed in the coding procedure to be 
used, and the categories on the coding sheet were explained to her. 
She then coded the data from cards and tapes for five subjects not 
included in the reliability check. These results were then compared 
with those of the experimenter, and points of agreement and disagree- 
ment were identified in order to establish consistent use of the 
coding system. 

A stratified random sample of 30 subjects was used for 
the reliability check. One subject was drawn at random from each 
of the ten matched groups in each of the three grade levels. When 
the independent coder had completed coding the data for all 30 
subjects her results were compared with those of the experimenter. 
Arrington's method of computing the coefficient of agreement be- 
tween observers was used (Bott, 1933, p. 67). The coefficient of 
agreement was 0.94. A specific comparison of the scores awarded was 
also made. Only two of the thirty scores differed -- one by one point, 
and the other by two points -- thus resulting in a reliability co- 
efficient of 0.93. Based on these results, experimenter reliability 


was considered to be adequate for the purposes of this study. 
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CHAPTER III 
RESULTS OF THE INVESTIGATION 


Ten matched groups were selected from each of grades 
one, two, and three in six metropolitan schools. Each group con- 
sisted of three boys and three girls from the high ability range, 
and three boys and three girls from the low ability range. At 
each grade level each of the ten groups was randomly assigned to 
one of two non-verbal partitive division problems in one of five 
different problem settings. The major purposes of the study were 
EO: 

(i) observe, record, and analyze behaviors of first-, second- 
and third-graders attempting to solve one of two non-verbal 
partitive division problems (one with a remainder; the 
other with no remainder) in five problem settings represent- 
ing different qualities and quantities of distractions; 

(ii) investigate subjects' interactions with distractions in the 
five problem settings; 

(iii) examine the effects of distractedness and conceptual tempo 
on problem-solving achievement, and the relationships of 
these factors to sex, ability, grade level, problem diff- 
ave and problem setting; and 

(iv) determine the main effects of sex, grade, ability, problem 
difficulty, and problem setting on problem-solving achieve- 


ment, and also determine any interaction effects. 
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The results of the investigation are reported in this 

chapter under the following headings: 

Methods of Solution 

Rationales for Solution Strategies 

Distracted Subjects 

Distractedness and Criterion Scores 

Distractedness and Conceptual Tempo 

Relationships of Distractedness to Other Factors 


Results of Five-Way ANOVA 


The Effect of Problem Setting and its Relationship to Other Factors 


Interaction Effects on Scores 
Major Findings 


The first section, which follows, deals with methods of solution. 
Methods of Solution 


In the interview protocol adopted for the study there was 
no reference to the method to be used to solve the problem. Thus, 
each subject had to decide whether or not to manipulate the materials 
without any specific directions from the experimenter. Subjects who 
gave verbal responses without manipulating any of the toy cars were 
classified as verbal solvers, while those who did manipulate the cars 
were classified as manipulative solvers. Manipulative behaviors 
always consisted of loading cars onto trucks, except for two cases 
where the cars were arranged in groups on the table but were not put 
on the trucks. Many of the subjects who loaded the cars to arrive 


at a solution confirmed their result verbally when asked to do so, or 
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altered their solution, while some carried out further manipulations 
before settling for a particular response. Others gave a verbal 
response initially but, when asked to confirm it, they loaded the 
cars to determine the solution. In all these cases the individuals 
were classified as manipulative solvers. The frequencies of manip- 


ulative solvers in the five problem settings are shown in Table l. 


Table 1 


Frequency Distribution of Manipulative Solvers Among 
Boys and Girls in the Five Problem Settings 


Problem Setting 


Sex 

1 2 3 4 5 1-5 
Boys 17 18 14 10 3 64 
Girls 10 9 ies 9 i 52 
Totals Zu, 27 31 19 12 116 


Almost one third of the 360 subjects were manipulative 
solvers, including 36 percent of the boys and 29 percent of the girls, 
with the difference between proportions of boys and girls being 
slight (z = 1.35, p < 0.09).. Thirty-four boys and 26 girls from the 
high erates group and 30 boys and 26 girls from the low ability 
group were manipulative solvers, so the method of solution was not 
affected by ability. Neither was it affected by problem difficulty. 
The number of subjects who manipulated cars was 58 in both problem A 
(no remainder) and problem B (with a remainder). Of the 116 manip- 


ulative solvers, 45 were in grade 1, 37 were in grade 2, and 34 were 
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in grade 3. Although there appeared to be a tendency for manip- 
ulations to decrease in the higher grades the difference between 
observed and expected frequencies was not significant. However, 
almost all the difference due to sex was accounted for in the first 
grade where 29 of the 45 manipulative solvers were boys. A goodness- 
of-fit test of observed and expected frequencies of verbal and manip- 
ulative solvers in the five problem settings showed a significant 
disparity (x? = 14.63, p < 0.01). More than the expected number of 
subjects in the first three problem settings were manipulative 
solvers, while less than the expected number manipulated cars in the 
fourth and fifth problem settings. 

Some manipulative solvers engaged in simulations which did 
not contribute in any way to the solution of the problem. These un- 
necessary Simulations consisted of one or more of the following behav- 
iors: rotating cars so that they all faced the same way on the truck; 
driving cars up and down the loading ramp; driving trucks around; 
moving the loading ramp from truck to truck; moving the toy men around 
unnecessarily; and matching the configurations of the cars on all- three 
trucks. The frequencies of manipulative solvers who engaged in such 
simulations are shown in Table 2. More manipulative solvers carried 
out unnecessary simulations in the second and fifth than in the other 
three problem settings. The proportions of 38 percent and 9 percent 
respectively were significantly different (z = 3.81, p < 0.0002). 

The second and fifth problem settings were more realistic in that 
they included a building, a loading ramp, three men, a roadway, and 


a parking area. Unnecessary simulations were more prevalent among 
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Table 2 


Frequencies of Manipulative Solvers Engaged 
in Unnecessary Simulations 


SE a GE I ES DEE 


Problem Settings 


Grade 
13354 250 jess 
1 4 9 13 
2 2 4 6 
3 1 2 3 
io 7 15 22 


younger children than among older children. Thirteen subjects ex- 
hibited this behavior in grade 1, six in grade 2, and three in grade 
3. Only five of the 22 manipulative solvers who engaged in these 
simulations were girls. 

A subject's first response to the problem question indic- 
ated a specific arrangement of cars on the three trucks. At this 
point he or she was asked: "Are you sure that's right?" Some subjects 
then confirmed their initial response, while others generally tried 
one or two more arrangements of cars before confirming a particular 
response. Subjects whose initial or confirmed solution was correct 
were asked if they had tried other arrangements. This was not always 
done for subjects with no correct solution. All manipulative solvers 
revealed arrangements of cars by their actions, although some may 
have thought about other possibilities as well. Most verbal solvers 
who gave no correct solution tended to reply impulsively. In such 


cases they would have been unlikely to attempt arrangements other 
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than the ones they indicated. All subjects were questioned regard- 
ing the process they used in attempting to solve the problem. During 
this interview session some subjects revealed other arrangements 

of cars they had tried. A sample of interview transcripts is included 
in Appendix A. 

The number of different arrangements attempted by individ- 
ual subjects ranged from one to five, as shown in Table 3. Sixty- 
three percent of the subjects tried only one arrangement, 29 percent 
tried two different arrangements, and the remainder tried more. No 
more than three arrangements were attempted in the fourth and fifth 


problem settings. In fact, the tendency here was to try only one 


Table 3 


Frequency Distribution of the Number of Different Arrange- 
ments of Cars Attempted in Each Problem Setting 


Prob Setti 
Number of Different roblem Setting 


Arrangements 
Attempted 1 2 3 4 5) 1-5 
1 45 ah) 33 63 51 Zee, 
2 18 ih 8) 8 15 103 
3 6 5 2 1 6 20 
4 3 4 2 = = 9 
5 = 1 = = - 1 
Total 72 72 72 Tee iz 360 
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arrangement. This was particularly true in the fourth problem 
setting where 63 of the 72 subjects tried only one arrangement of 
cars when attempting the problem. In both these settings the 
trucks had bays marked out on the back of them and most subjects 
simply put a car in each bay or counted the number of bays. The 
rationales for the various solution strategies are discussed in 
more detail later. 

Frequencies of specific arrangements or sequences of 
arrangements of cars are shown in Table 4. Any sequence with a 
total frequency of five or more is listed in the table. Other 
types of sequences are categorized together as "Others", which in 
most cases were attempted by only one or two individuals. A seq- 
uence of arrangements such as "3,4,5; 4,4,4" indicates three cars 
on the first truck, four cars on the second, and five cars on the 
third truck in line for the first arrangement, followed by four cars 
on each truck for the second arrangement. The relevant information 
was obtained from the subjects' actions and their responses to the 
problem question, and also from responses to interview questions 
about the processes used when attempting the problem. 

The most prevalent sequence involved the one arrangement 
6,6,6 which was used by 86 subjects. However, 78 of these were in 
the fourth and fifth problem settings where many subjects counted the 
six bays marked on each truck. The sequence involving the single 
arrangement of four cars on each truck was used by 52 subjects, in- 
cluding only seven cases in the fourth and fifth problem settings. 


The sequence 3,3,3; 4,4,4 shows a similar imbalance across the five 
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Table 4 


Frequency Distribution of Sequences of Arrangements 
of Cars in the Five Problem Settings 


eee 
Le 


Arrangement Frequencies in Each Problem Setting 
Sequences 

1 2 3 4 5 1-5 
Sie an 5 8 Z 6 1 5 22 
Died sae 45454 4 7 6 Hh = 18 
3,4,5 - - 4 = i 5 
354,53; 4,4,4 = = 5 = = ) 
4,4,4 17 15 13 5 2 ay 
Dig Dig 2454.5 4 1 2 ih - i 2) 
See: 1 3 i = 1 6 
SEE 5 2 Z 2 5 16 
D5 45454 = Z 3 = = 5) 
Seq: GAAS i I S = 4 6 
6,6,0 5 = = 6 - 9 
6,6,0; 4,4,4 1 - 2 3 - 6 
6,6, 1 1 1 1 é) ] 7 
630.0 & 3) 4 45 5}8] 86 
6,6,6; 4,4,4 iz = 2 1 3 8 
Shek bese] 3) 3 = = = 6 
Others 22 31 24 3 16 98 
Total 10? hee Te tes ie? 360 
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settings. Many manipulative solvers put as many cars as they could 
fit on the first truck and continued in this fashion until they ran 
out of cars. This generally accounted for the arrangements 5,5,2 
and 6,6,0 in the case of problem A, and 5,5,3 and 6,6,1 for problem 
B. The arrangement 5,5,6 occurred in several sequences and was 
mostly confined to the second and fifth problem settings where a man 
was positioned on each of the first two trucks in line. Sequences 
including 3,4,5 for problem A and 3,4,6 for problem B occurred only 
in the third and fifth settings which involved three colors of both 
cars and trucks. These two unequal distributions of cars were based 
on the numbers of blue, yellow and red cars respectively. The total 
number of different sequences of arrangements of cars attempted by 
all subjects was 86. These sequences included 39 different arrange- 
ments of cars ranging from two on each truck to as many as 20 on each 


truck. 


Rationales for Solution Strategies 


The rationale behind each arrangement of cars indicated 
the process being used by subjects to solve the problem. This strat- 
egy or process could sometimes be observed directly in the non-verbal 
actions of subjects, particularly with manipulative solvers. However, 
verbal solvers also engaged in non-verbal behaviors such as pointing 
to cars or to the backs of trucks as they counted. Immediately 
following the confirmation of a solution the subject was asked a 
question of the following form: "How did you know there would be. . . 


on each truck?" This focused directly on the process being used, and 
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was followed by other pertinent questions appropriate to the sit- 
uation. It was possible for each subject to score a maximum of 
three points for the problem. One of these was allocated for using 
a valid process, which included the following three categories: 
appropriate use of division or multiplication operations; distrib- 
ution of one car per truck in rotation; or attempting to make three 
equivalent sets with the given cars by trial and error. 

The identified rationales and their distribution over 
the various arrangements of cars are shown in Table 5. The 11 most 
common arrangements are specified in the table, while the remaining 
28 are grouped together. Only four subjects used division or multi- 
plication to solve the problem, and 11 subjects used the most effic- 
ient manipulative method of distributing one car per truck in rotation 
to ensure an equal number on each truck. There were 185 other del- 
iberate attempts to make three equivalent sets with the given cars. 
These involved 116 etn iects: some of whom tried more than one arrange- 
ment. In all, 36 percent of subjects used a valid process. 

As far as could be ascertained, the 116 subjects referred 
to above used trial and error methods in their attempts to partition 
the cars into three equivalent sets. Some tried several arrange- 
ments before arriving at four for each truck. In problem B a number 
of subjects did not solve the problem even though they did use a 
valid process. They tried to make three equivalent sets with the 
13 cars, apparently unaware that one car had to be excluded. As seen 
in Table 4, a total of 52 subjects came up with the single arrange- 


ment of four cars per truck. A majority of these subjects apparently 
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used a trial and error method and were therefore successful with 
their first trial. They denied having tried any other arrangement 
or process, and either pointed out why there were four for each 
truck or made statements like the following: "I could see there was 
going to be four"; or "I just tried four and it worked". Some of 
the 52 subjects used one of the other two valid processes discussed 
previously, while the remainder used some invalid process. 

Twelve arrangements were based on guesses, at least 
according to the subjects. However, it is possible that some of 
these subjects may in fact have used another strategy. Several 
others who said they guessed revealed afterfurther questioning that 
some alternative process was behind their response. Six subjects 
stated that there would be three cars on each truck because there 
were three trucks. There were 13 arrangements for which no explan- 
ation was supplied by the subjects, and six of these involved three 
cars on each truck. 

Many subjects used what were defined as spatial-numerical 
cues to determine their arrangements of cars on the trucks. These 
cues were based on the amount of room on each truck or on the bays 
marked on the back of each truck. Attention to such cues was deter- 
mined from both verbal and non-verbal behaviors. For example, manip- 
ulative solvers who put as many cars as they could fit on the first 
truck and then continued in this fashion until they ran out of cars 
generally obtained one of the following arrangements: 5,5,2; 5,5,3; 
6,6,0; or 6,6,1. If such an arrangement was not altered the subject 


was considered to have used a spatial-numerical cue, otherwise the 
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use of such a cue was only confirmed or rejected during the inter- 
view which followed. Verbal solvers indicated the use of a spatial- 
numerical cue by focusing only on the trucks and not on the cars, 

and by pointing to count spaces on the backs of trucks. When asked 
how they knew there would be the given number of cars on each truck, 
subjects who used a spatial-numerical cue generally gave a reply like 
one of the following: "I counted the spaces"; "Because there's six 
squares" ;"Because there's enough room for five"; or "That's how many 
canerit'? 

As shown in Table 5, 129 arrangements were based on the 
bays marked on the trucks, and therefore occurred only in the fourth 
and fifth problem settings. Since there were six bays marked on 
each truck the response of six cars per truck was the most common one 
among subjects who used the marked bays as a cue. Most manipulative 
solvers who attended to this cue put six cars on each of the first 
two trucks in problem A, and did the same in problem B then put the 
remaining car on the third truck. Others generally put five cars 
on each of the first two trucks and two on the third truck for prob- 
lem A or three on the third truck for problem B. However, this only 
occurred in the fifth problem setting where there was a man positioned 
in a bay on each of the first two trucks. Arrangements such as 5,5,5 
or 5,5,6 were based on the same reason, except for a few cases where 
subjects miscounted the bays. 

Only one subject in each of the fourth and fifth problem 
settings ignored the bays but still based the arrangement on the 


amount of space on the backs of the trucks. Except for these two 
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cases, all the other arrangements in Table 5 which were determined 
by the amount of room took place in the first three problem settings. 
Subjects using this rationale came up with a wide variety of arrange- 
ments ranging from three to twenty on each truck. The arrangements 
5,5,2 and 6,6,0 were only produced by manipulative solvers in prob- 
lem A, while in problem B manipulative solvers sometimes distributed 
the cars into 5,5,3 or 6,6,1 arrangements. 

In the third and fifth problem settings the first truck 
in line was blue, the second was yellow, and the third was red in 
color. There were three blue, four yellow, and five red cars for 
problem A, while for problem B there was an additional red car. In 
these two problem settings some subjects based their arrangements of 
cars on what were termed color-attribute cues. One strategy was to 
classify all the cars according to color and match colors of cars 
with colors of trucks. Thus, in problem A 12 subjects stated that 
there would be, or actually put three blue cars on the blue truck, 
four yellow cars on the yellow truck, and five red cars on the red 
truck. Nine subjects used the same rationale to obtain a 3,4,6 
arrangement in problem B. The other five ierak ces in this category 
were due to subjects miscounting the cars of each color. The second 
strategy was to base the number of cars for each truck on one of the 
three colors. Seven subjects determined that there would be three 
cars on each truck because there were three blue cars, three subjects 
based the number per truck on the four yellow cars, and three sub- 
jects said there would be six on each truck because there were six 


red cars. Three arrangements were based on both color and spaces. 
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However, the rationale was classified as spatial-numerical in each 
case since all three subjects considered the amount of room to be 
the more important reason for their response. 

In 27 cases an arrangement was determined by the sub- 
jects with no explanation given for it, but then a spatial-numerical 
rationale was induced in the subject by the form of the experimenter's 
question. In an attempt to gain more information the experimenter 
probably influenced the subject. For example, a question like the 
following might be asked: "Did you try to fill each truck?" If the 
subject replied affirmatively then the rationale for the given arrange- 
ment was classified as an induced spatial-numerical cue. As can be 
seen in Table 5, induced spatial-numerical cues applied mostly to 
cases involving four, five, or six cars per truck. The same criteria 
were used to determine an induced color-attribute cue, and there 
were four instances of this. Faulty interview techniques also re- 
sulted in cases where the arrangement of cars was induced by the 
experimenter. For example, if a subject said there would be five 
cars on each truck because only five would fit, this was classified 
as a spatial-numerical cue for the arrangement 5,5,5. However, the 
experimenter may then have asked a question like the following: "Did 
you think about putting the blue cars on the blue truck, the yellow 
cars on the yellow truck, and the red cars on the red truck?" If 
the subject replied in the affirmative this implied an induced 3,4,5 
arrangement. Such an arrangement was not recorded. However, an in- 
duced color-attribute distraction would be noted in this case. This 


and other types of distractions are discussed in the following section. 
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Distracted Subjects 


As indicated in the previous section, many subjects 
attended to spatial-numerical or color-attribute cues which were 
irrelevant to the problem. Such irrelevancies were classified as 
Oia ceserions for this study. Both verbal and non-verbal behaviors 
were used to determine whether or not subjects were actually dis- 
tracted. Some distractions were induced by the experimenter during 


the interview, as described previously. The frequency distribution 


of subjects, both those actually distracted and those whose distract- 


ion was induced, is shown in Table 6. A total of 238 subjects, or 
66 percent, were distracted. Distractions were induced in a further 
12 percent of the subjects. 

The fourth and fifth problem settings were designed to 
include a spatial-numerical distraction in that there were six bays 
marked on the back of each truck. Very few subjects ignored this 
distraction. In the fourth problem setting 64 of the 72 subjects 
attended to spatial-numerical cues in their efforts to solve the 
problem, while 62 did so in the fifth setting. The first three 
problem settings were not meant, to include a spatial-numerical 
distraction, so the backs of the trucks were unmarked. However, 
many subjects focused on the amount of space on the trucks and were 
in fact distracted by this spatial-numerical cue. The numbers of 
subjects distracted in this way were 28, 36, and 18 in the first, 
second, and cited problem settings respectively. The spatial- 


numerical cue was a much stronger distraction when bays were marked 
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on the trucks than when the backs of the trucks were blank. When 
there were marked bays the majority of subjects either counted the 
bays or loaded one car per bay with little or no hesitation. In all, 
208 subjects were distracted by the spatial-numerical cues. This 
amounted to 58 percent of the total sample. 

A color-attribute distraction was built into the third 
and fifth problem settings. Ten subjects were distracted by color 
in the fifth setting, where the spatial-numerical distraction was 
strong and tended to dominate. However, in the third setting, where 
the spatial-numerical cue was weaker, there were 32 subjects who 
were Peers by color. In these two problem settings 13 subjects 
attended to both color-attribute and spatial-numerical cues, but in 
most of these cases color was abandoned as a criterion for arranging 
the cars on the trucks. In the second and fifth problem settings 
a toy man was stationed in the right front corner of each of the 
first two trucks in line. Fifteen subjects were distracted by the 
men on the trucks in the second problem setting, and 22 were distracted 
by them in the fifth setting. These subjects considered that the 
men took up space and that they would therefore influence the number 
of cars to be put on each truck. Also, all 37 of these subjects 
were distracted by spatial-numerical cues as described above. There- 
fore, the men on the trucks simply acted as components of the overall 
spatial-numerical cues. 

All the cars used in the five problem settings were similar 
in size and structure. However, they were styled according to a 


number of common makes of cars with brand names embossed in very fine 
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print. One first-grade subject tried to classify the cars accord- 
ing to the brand names. There was no other evidence of subjects 
being distracted in this way, but one boy pointed out his family's 
car type during the interview session. In the second and fifth 
problem settings the men, loading ramp, factory building, roadway, 
and parking area were intended as situational distractions. The 
men, as already explained, only distracted subjects in a spatial- 
numerical sense. There was no evidence that the other objects 
actually distracted subjects as they attempted to solve the problem. 
Only 14 subjects used the loading ramp, often for loading only the 
first car or two. Nevertheless, manipulative solvers engaged in 
unnecessary simulations to a greater extent in these two problem 
settings than in the other three, as shown in Table 2. However, 
all 22 subjects involved were distracted by color-attribute or spat- 
ial-numerical cues. 

Nothing external to the problem setting was considered to 
be a distraction for the purposes of this study. However, some sub- 
jects were possibly affected by extraneous perceptual cues. For 
example, 49 subjects looked at the tape-recorder. However, few did 
so more than once, and none seemed unduly concerned by it. Only 
five subjects actually commented on it. Thirty-five subjects were 
classified as being somewhat nervous in the problem-solving sit- 
uation, including six in grade 3, thirteen in grade 2, and sixteen 
in grade 1. Nevertheless, all 360 subjects attempted the problem. 

Of the 208 subjects distracted by spatial-numerical cues, 


128 gave no explanation for their actions. They merely indicated 
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how they did it by alluding to the amount of room or number of 
Spaces, rather than giving any reason why this strategy was used. 

In cases where these subjects were asked if they thought there were 
enough cars to fill each truck most answered in the affirmative. 
Sixty-one other subjects actually stated that they thought there 
were enough cars to fill every truck or, in the case of some manip- 
ulative solvers, that there were not enough cars to put the same 
number on each. For example, manipulative solvers who did not alter 
an unequal distribution of cars, such as 5,5,2, insisted that there 
were not enough cars to put the same number on every truck. Another 
seven subjects stated that they liked to or wanted to fill the 
trucks; four said the problem had to be done that way; and eight gave 
other reasons such as the need to take away as many cars as possible 
on each truck. In general, all the subjects distracted in this way 
tended to focus their attention on the trucks and ignore the fact 
that there were either 12 or 13 cars to distribute. However, some 
did overcome the distraction and proceed to solve the problem. That 
is, they attended to a spatial-numerical cue initially but then 
abandoned it as a means for solving the problem. 

The men on the two trucks in the second and fifth problem 
settings acted as distractions for 37 subjects in a spatial-numerical 
sense because they took up space on the trucks and subjects did not 
consider moving them. Twenty-four subjects gave no reason forethis; 
eight stated that they thought the men were not to be moved, three 
said the men had to stay to help load the cars, and two simply pre- 


ferred the men to remain there. However, some of these who gave no 
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reason were not specifically asked why they would not move the men. 
Once again, some subjects overcame this distraction. Some of these 
went on to solve the problem, while others remained distracted by 

a spatial-numerical cue. For example, several subjects said there 

would be five cars on each truck because each man occupied a space, 
but then changed this response to six per truck. 

Thirteen of the 42 subjects distracted by color stated 
that they wanted to match the colors of cars and trucks, but offered 
no other reasons for this behavior. Another 15 based their color 
match on aesthetics. These subjects stated that they wanted to 
match colors because this would look either "nice", "pretty", "good", 
"better", or "neat". Six subjects said they thought the colors had 
to be matched. The other eight subjects gave no reasons for basing 
arrangements of cars on color-attribute cues, but if the experimenter 
suggested the above reasons the subject would generally agree with 
one of them. 

Subjects often overcame the color-attribute distraction, 
but some of these would then be distracted by the spatial-numerical 
cues. Thus, they would begin by matching colors then discard this 
approach and try to determine how many cars would fit on each truck. 
Fifty-seven of the 238 subjects who were actually distracted were 


able to overcome at least one distraction. The one problem setting 


showing a discrepancy was the third setting where 23 subjects overcame 


distractions -- chiefly the color-attribute cue. The frequencies 
of subjects who overcame distractions in each grade are shown in 


Table 7. Only 12 of the 86 subjects distracted in grade 1 succeeded 
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Table 7 


Observed and Expected Frequencies of Distracted Subjects in Each 
Grade Who Succeeded or Failed in Overcoming Distractions 


eee 
SS ————— ool Ey-E——— 


Overcame at Failed to 
Least One Overcome Any Total 
Grade Distraction Distractions Distracted 
es a a eee) eee eer 

1 12 74 86 
(20.6) (65.4) 

2 19 64 83 
(19.9) C6321) 

3 26 43 69 
(16.5) (5235) 

1-3 Sy) 181 238 


in overcoming any distractions, while almost 38 percent of the dis- 
tracted third-graders were successful in this regard. Overall, 
there was a highly significant difference between observed and expect- 


ed frequencies in the three grade levels (x* = 11.96, p < 0.005). 


Distractedness and Criterion Scores 


Each subject could score zero, one, two, or three points 
for the problem-solving task. One point was allocated if the first 
response was correct, one point was allotted for the use of a valid 
process, and one point was awarded if the subject confirmed a 
correct response and demonstrated confidence in it. The decision 
on the final two points often had to be deferred until after the 
interview session. For example, a subject might state that he or 


she was certain there would be four cars on each truck. However, 
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after subsequent questioning it could turn out that this arrange- 
ment was based on a color-attribute or spatial-numerical cue, or 
that the subject was not really sure whether four was the correct 
number or not. Eighteen subjects overcame distractions and solved 
the problem during the interview session, although not specifically 
asked to do so. They seemed to notice their errors from the quest- 
ions which were asked. However, their scores were not altered in 
any way as a result of this. 

The frequency distribution of distracted and non-distracted 
subjects at each score level is shown in Table 8. The mean score for 
the total sample of 360 was 1.02. Less than the expected number of 
distracted subjects scored three, two, or one, while more than the 


expected number scored zero. Overall, the difference between the 


Table 8 


Observed and Expected Frequencies of Distracted and 
Non-Distracted Subjects at Each Score Level 


Score Distracted Non-Distracted Total 

s} 29 60 89 
(58.8) (30.2) 

2 19 19 38 
C2551) Gl2.9) 

1 12 ll 20 
(15.2) Ga7ie5) 

0 178 32 210 
(138.8) G7jie) 

Total 238 1ZZ 360 


a nnn nn eat EEE EEnEEnE ESSE 


a) 


: 7 
"Unt tae 2) ss 


2 Le. . 7 


3 05 oe OaAn m | aon > 


rr aa oak wane He aby 2. of 
pera " : en ee ~ 
{hicdiniige ime iG yGeuwehs - otitis! 
ay) ars ine lt ihn re nt 

2 Neti in geew ceprew. they ial Ath seme She aS 


6 i ¢ _ 


14 fata Jajseeew 10: cael. gen) 0% nae CH *o olqaue tases oti « 
3S cea? 2 OQLLT wat Oe —_ dhe nay atin tere 
bv! paievmns waeNOrean ely Lhbaahes ores ae 


# anaes ' a 
bre lavink seal +e 


ioral 41694 ae eh Geel 


observed and expected frequencies was highly significant (x? = 109550 
p < 0.005). Thus, distracted subjects scored much lower than non- 
distracted subjects. The mean scores for the two groups were 0.58 
and 1.88 respectively, and the difference between these means was 


highly significant (z = 9.69, p < 0.0002). 
Distractedness and Conceptual Tempo 


The time which elapsed between the conclusion of the 
experimenter's repetition of the problem question and the subject's 
first solution was measured to the nearest second. Some subjects 
responded while the problem question was being repeated, and some 
responded immediately afterwards. The time recorded in these cases 
was zero seconds, and involved 83 subjects. Twenty-two subjects 
took longer than two minutes to supply a solution, and the maximum 
time taken was 440 seconds. The mean time taken was 38.7 seconds. 
The median time was approximately 11.5 seconds, since 179 subjects 
took 11 seconds or less and 181 took more than 11 seconds. 

The 179 fast responders were classified as "impulsive" 
subjects and the 181 slow responders were classified as "reflective" 
subjects. The meanings of these two terms, as used here, are there- 
fore somewhat different from those generally accepted in the liter- 
ature (Kagan, 1965). Mean scores and standard deviations of groups 
based on the dimensions of conceptual tempo and distractedness are 
shown in Table 9. Reflective subjects scored much higher than impul- 
sive subjects. The difference of 0.81 in mean scores was highly 


significant (z = 6.27, p < 0.0002). However, conceptual tempo was 
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Table 9 


Mean Scores and Standard Deviations of Distracted, Non- 
Distracted, Impulsive and Reflective Groups 


ESSE 
eS Eee 


Distracted Non-Distracted All Subjects 
Conceptual Tempo ————— 
X S m S X S 
Impulsive 02217) 0.63 io Oe ue) Orpen eaksceh!) 
Reflective 0.97 ~1.25 PRGA AAP 8) A ARS) 
All Subjects OF 585 el s07, 1268. 1627 fe O2me 50 


independent of distractedness. Reflective subjects were just as likely 
to be distracted as impulsive subjects. Of the 181 reflective subjects, 
LaROT 64 percent were distracted, and 123 or 69 percent of the 179 
impulsive subjects were distracted. Conceptual tempo was also independ- 
ent of sex, ability, and grade level. 

The distracted impulsive group was the lowest scorer with 
a mean of 0.21. The distracted reflective group was more success- 
ful with a mean score of 0.97 (z = 5.71, p < 0.0002). However, this 
group did not score as high as the non-distracted impulsive group 
(z = 2.47, p < 0.01), which in turn did not perform as well as the 
non-distracted reflective group (z = 3.09, p < 0.001). Thus, im- 
pulsive subjects who were distracted had minimal success with the 
problem, whereas the reflective subjects who were not distracted 
were far more successful with a mean score of 2.20 (z = 13.49, 
p < 0.0002). The relationship between conceptual tempo and dis- 


tractedness is illustrated in Figure 1. There was no interaction 


between these two factors. 
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Relationship Between Distractedness and Conceptual Tempo 


Relationships of Distractedness to Other Factors 


Manipulative solvers were no more likely to be distracted 
than verbal solvers. Although 71 percent of the 116 manipulative 
solvers were distracted, compared with 64 percent of the verbal 
solvers the difference was not significant. Boys were distracted 
more than girls (z = 2.00, p < 0.025). The respective proportions 
distracted were 71 percent and 61 percent. Among manipulative solvers 
71 percent of girls and 70 percent of boys were distracted. However, 
among verbal solvers 72 percent of boys but only 57 percent of girls 


were distracted. Therefore the difference due to sex was accounted 
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for by the fact that girls who used a verbal solution method were 

less inclined to be distracted than the boys who used this method. 
The observed and expected frequencies of distracted 

and non-distracted subjects are shown in Table 10. The number of 


subjects distracted increased from 28 in the first problem setting 


Table 10 


Observed and Expected Frequencies of Distracted and Non- 
Distracted Subjects in Each Problem Setting 


Problem Setting Distracted Non-Distracted Total 
1 28 44 72 
(47.6) (24.4) 
2 36 36 ies 
(47.6) (24.4) 
3 46 26 We 
(4750) (24.4) 
4 64 8 72 
(47.6) (24.4) 
3) 64 8 Te 
(47.6) (24.4) 
1-5 238 122 360 


to 64 in each of the fourth and fifth settings. More than the ex- 
pected number of subjects were distracted in these two problem set- 
tings, while less than the expected number were distracted in the 


first three settings. Overall, distractedness was dependent on the 


problem setting to a highly significant extent (x2 = 949.0; p < OV005). 


This relationship became even more apparent when subjects who over- 


came distractions were taken into account. The frequencies of dis- 
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tracted subjects who failed to overcome any distractions were 
205829" 23). 57, and 52 for the five respective settings. This 
re-emphasized the strong influence of distractions in the fourth 
and fifth problem settings. 

The attention to distractions by subjects in the three 
grade levels is shown in Table 11. Eighty-six subjects were dis- 
tracted in grade 1, 83 in grade 2, and 69 in grade 3. There was 
a more marked decrease in the number of distracted subjects from 
grade 2 to grade 3. Overall, grade level and distractedness were 
significantly related (x* = 6.12, p < 0.05). The higher the grade 
the less likely that subjects were distracted. Ability had some 
effect on distractedness. Over 69 percent of the low ability group 
was distracted, while approximately 62 percent of the high ability 


group attended to distractions. However, the difference between 


Table 11 


Observed and Expected Frequencies of Distracted and Non- 
Distracted Subjects at Each Grade Level 


Grade Distracted Non-Distracted Total 

1 86 34 120 
(79.3) (40.7) 

pd 83 ay 120 
(1963) (40.7) 

3 69 51 120 
(79.3) (40.7) 

1-3 238 bo 360 
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proportions distracted in each of the two ability levels was not 
great (z = 1.34, p < 0.10). In problem B 71 percent of subjects 
were distracted, whereas in the less difficult problem A 61 percent 
were distracted. Thus, subjects were more likely to be distracted 
in the division problem involving a remainder than when there was 


no remainder (z = 2.00, p < 0.025). 
Results of Five-Way ANOVA 


A five-way analysis of variance was carried out with 
sex, ability, grade, problem difficulty, and problem setting as 
categorical independent variables, and the criterion score for the 
problem-solving task as the dependent variable. The results are 
shown in Table 12. A number of significant and highly significant 
main effects and interaction effects may be noted. Although girls 
tended to score higher than boys there was no significant effect 
due to sex. However, all four other main effects were highly signif- 
icant, as follows: ability (F = 9.395, p < 0.00243), grade level 
(F = 18.874, p < 0.00000), problem difficulty (F = 30.862, p < 0.00000), 
and problem setting (F = 11.029, p < 0.00000). 

The interaction between problem difficulty and grade 
level was highly significant (F = 4.833, p < 0.00876). Two other 
interactions were significant. These were as follows: problem diff- 
iculty and ability (F = 4.046, p < 0.04541); and the interaction 
between sex, problem difficulty, ability and problem setting 
(F = 3.185, p < 0.01422). A further two cases of interaction were 


worth noting. The first was between problem difficulty, ability, 
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Table 12 


Results of Five-Way ANOVA 


Sum of Mean F 

Source* Squares df Square Ratio Probability 
A 2.844 il 2.844 2.349 0212672 
B 87.370 I SARS is: 30. 862 0.00000 
AB 0.100 1 0.100 0.083 0.77410 
C T12378 ud L2378 Ie) 0.00243 
AC 1.878 1 1.878 1.550 0.21429 
BC 4.900 i 4.900 4.046 0.04541 
ABC 0.044 1 0.044 05037 0.84827 
D ed Lh 2 22.858 18.874 0.00000 
AD 5.906 2 Pre te) 5) 25438 0.08949 
BD 11.706 2 Syst) 4.836 0.00876 
ABD 3.050 y L225 iNepas he 0.28576 
CD STS) 2 1.969 1.626 0.19895 
ACD 2.6539 2 Taal Ns Osoli5! 
BCD 3-617 2 1.808 1.493 0222675 
ABCD Ousa9 2 0.369 0.305 BE ses! 
E > 33.428 4 es By) 11.029 0.00000 
AE 8.072 4 2-018 1.666 0.15850 
BE 6.872 4 1.718 Tals 0.22841 
ABE 0.872 4 0.218 0.180 0.94858 
CE 3.650 4 O94 2 Oo 0.55658 
ACE 4,206 4 10oL 0.868 0.48369 
BCE ES O72 4 2.768 2n.200 0.06086 
ABCE 15.428 4 5.8% SP i65 0.01422 
DE 12.089 8 1 SES 1 i | 1.248 0.27204 
ADE 5.344 8 0.668 OvoD 0.81668 
BDE 6.544 8 0.818 0.675 0.71297 
ABDE 6.644 8 0. 830 0.686 0.70394 
CDE 11.700 8 1.462 L208 0.29508 
ACDE 10.578 8 Ue Fa 092 0.36953 
BCDE 5.244 8 0.656 0.541 0.82473 
ABCDE 15,450 8 toe Nera )ie Bs) 0.12683 
Error 290.666 240 bat 
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and problem setting (F = 2.286, p < 0.06086); and the second was 
between sex and grade level (F = 2.438, p < 0.08949). A more de- 
tailed analysis of main effects and interaction effects may be 


found in the sections which follow. 


The Effect of Problem Setting and its Relationship 
to Other Factors 


The problem settings, which reflected different types 
and levels of distraction had a very significant effect on scores, 
as shown by the results of the five-way analysis of variance. The 
mean scores of each grade for problem A in the five settings are 
given in Table 13. The studentized range statistic, or q test, was 
applied to test for differences between means within single categories 


(Winer, 1971, pp 195-187). The critical values of q were at either 


the 0.05 or the 0.01 levels of significance. There were no significant 


Table 13 


Mean Scores on Problem A for Each Grade in the 
Five Problem Settings 


Problem Setting 


Grade 
1 2 3 4 5 I=5 
1 6% 1.00 Tapia, OeZ) 0.00 0.62 
2, 2500 Ziel 1.38 0.67 1.00 120 
3 Aaa) Zid U PASAY 0.92 1.67 Te) 
Naw, L017, 1.89 1.64 0.61 0.89 1.34 
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differences between scores on problem A for grade 1, although none 
of the 12 subjects in the fifth setting scored any points at all. 

In grade 2 the group in the fourth problem setting scored lower 

than each of the groups in the first (p < 0.05) and second settings 
(p < 0.01). These same results also applied to grade 3. When all 
three grades were considered together, the groups in the first three 
settings each scored higher than the one in the fourth problem 
setting (p < 0.01). Also, the groups in the first and third sett- 
ings each scored higher than the one in the fifth setting (p < 0.05), 
and so did the group in the second setting (p < 0.01). 

The lowest mean score on problem A was in the fourth 
problem setting for both grade 3 and grade 2, while this was the 
second lowest for grade 1. On the whole, subjects had more success 
with problem A in the first three settings than in either the fourth 
or fifth settings. It should also be recalled that subjects were 
distracted less in the first three than in the last two problem 
settings. In the fourth setting subjects at all three grade levels 
had limited success with problem A. In both the third and fourth 
settings there were no significant differences between grades, al- 
though the trend was for scores to increase with grade. Both the 
grade 3 and grade 2 groups scored significantly higher than the 
grade 1 group in the first setting (p < 0.01). The same results 
applied in the second setting, except that the increase from first 
to second grade was not as great (p < 0.05). In the fifth problem 
setting third-graders scored much higher than first-graders (pe-70.0)), 


The mean scores on problem B for each grade in the five 
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problem settings are shown in Table 14. This division problem, which 
involved a remainder, proved to be far more difficult than problem A. 
As can be seen in Table 14, the mean scores were generally low for 
most groups. Thus, q tests revealed few significant differences 
between means. There were no significant differences between settings 


at any grade level. However, when all three grades were considered 


Table 14 


Mean Scores on Problem B for Each Grade in the 
Five Problem Settings 


Problem Setting 


Grade 
1 7 3 4 5 Re, 
1 0.25 0.67 0.58 0.67 0.17 0.47 
7s 1.08 0.58 1.33 0.08 0.50 O77 2 
3 1230 1s ay 1.33 0.33 0.33 0.90 
ps) 0.89 0.81 1.08 0.36 On3e 0.69 


together the group in the third setting scored higher than each of the 
groups in the fourth and fifth settings (p < 0.05). In the first set- 
ting the mean score for the grade 3 group was significantly higher than 
that for grade 1 (p < 0.05). However, there were no significant differ- 
ences between grades in any of the other four problem settings. 

As shown in Figure 2, mean scores for problem A were con- 
siderably higher than for problem B in all five settings. In each 
of the first two problem settings the difference was highly signific- 


ant (p <.0.01) according to q tests. In the third and fifth settings 
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Figure 2 


Relationship Between Problem Difficulty and Problem Setting 


the differences were significant (p < 0.05), but not so in the fourth 
problem setting. In the fourth and fifth settings mean scores for 
problem A fell sharply to the general level of those for problem B 
in the first three settings. In considering both problems together, 
the mean scores in each of the first three settings were much higher 
than those in each of the other two settings (p < 0.01), as clearly 
illustrated in the graph. 

The mean scores for problem A and problem B combined for 
each grade level in the five problem settings are shown in Table 15. 
Once again, q tests were used to check differences between means in 
each category. First-graders could not handle either problem very 
well and registered comparatively low scores in all five settings, 


so there were no significant differences. In grade 2 the mean for 


—-- Problems A & B 
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Table 15 


Mean Scores on Both Problems for Each Grade 
in the Five Problem Settings 
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Problem Setting 


Grade sw 
1 2 3 4 3) 1-5 
1 0.46 0.83 0.88 0.46 0.08 0.54 
2 1.58 1.38 1.46 0.38 OF75 ee 
3 he Fee) Me eH) Le 0.63 1.00 1.40 
is pe29 tase 1.36 0.49 0.61 1.02 


the fourth setting was lower than for the first and third settings 

(p < 0.01), and also lower than for the second problem setting 

(p < 0.05). Third-graders scored much lower in the fourth than in 
any of the first three settings (p < 0.01). There were no differ- 
ences between scores in the first three settings for any grade. When 
all Pree grades were considered together there were also no differ- 
ences between scores in the first three problem settings, as can be 
seen in Table 15. However, the scores registered in both the fourth 
and fifth problem settings were each much lower than scores in any 

of the other three settings (p < 0.01). 

The relationship between grade level and problem setting 
is illustrated in Figure 3. The successive rise in score with grade 
level is evident in all problem settings except the fourth one. In 
the first setting both second- and third-graders scored higher than 


the grade 1 group (p < 0.01). Im the second, third, and fifth set- 
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Relationship Between Grade and Problem Setting 


tings Mm cde rr aders scored significantly higher than first-graders 
(p < 0.05). The fourth problem setting included only the spatial- 
numerical distraction. However, the fifth setting contained this 
distraction together with the distractions included in the second 
ara chicdiseccings. It was therefore reasonable to expect that, if 
distractions hampered success, scores would be lower in the fifth 
than in the fourth setting, but this was not generally the case. 
Although grade 1 scores fell in the fifth setting, second- and 
third- graders performed somewhat better in this setting than in 
the fourth problem setting. 

The mean scores for boys and girls in each setting are 
given in Table 16, and the relationship between sex and problem 


setting is illustrated in Figure 4. It is clear from the graph 
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Table 16 


Mean Scores for Each Sex in the Five Problem Settings 


Problem Setting 


Sex 
1 2 3 4 5 1-5 
Boys Last 1.44 1.08 0.44 0F36 0.93 
Girls Po25 1225 1.64 0.53 0.86 Ledl 
2 
a) 
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fe} 
3) aay 
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Problem Setting 


Figure 4 


Relationship Between Sex and Problem Setting 


that girls were superior to boys in the third and fifth settings, 
but differences were negligible in each of the remaining three 
problem settings. In the third and fifth settings q tests revealed 
significant differences between boys and girls (p < 0.05). The 


feature common to these two settings, but not occurring elsewhere, 
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was the three different colors of both cars and trucks. An ex- 
amination of the distracted ar errises these two settings showed 
that 24 boys were distracted by a color-attribute cue, and only 
seven of these overcame the distraction. However, 18 girls were 
distracted by color and 12 of these succeeded in overcoming the 
distraction. Thus, girls tended to be more adept at dealing with 
color-attribute distractions than boys. 

Mean scores for high and low ability groups in each 
problem setting are given in Table 17, and the relationship bet- 
ween ability and setting is illustrated in Figure 5. It is clear 
from the graph that the high ability group was superior to the low 
ability group in all cases except the fourth setting. However, q 
tests within individual settings showed that only in the third prob- 
lem setting was the high ability group significantly superior 
(p < 0.05). Differences between means across the problem settings 
were more marked for the high ability subjects than for the low 


ability subjects, where there was only one significant difference; 


Table 17 


Mean Scores of High and Low Ability Groups in 
the Five Problem Settings 


Problem Setting 


Ability 

i} 2 3 & 5 (fo) 
High is e318) ie 1.64 0.47 0.83 tee) 
Low 1.06 Lind L208 0.50 Oro? 0.84 
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Figure 5 


Relationship Between Ability and Problem Setting 


namely, a higher mean score in the second than in the fifth set- 
ting (p < 0.05). The high ability group in the fourth setting 
scored much lower than those in each of the first three settings 

(p < 0.01). Also, the group in the third setting scored higher 
than that in the fifth setting (p < 0.05). Both the high and low 
ability groups had limited success with the problems in the fourth 
setting which included the one spatial-numerical distraction. How- 
ever, in the fifth setting with more distractions the scores for 
the low ability subjects fell further, while those for the high 


ability subjects rose somewhat. 


Interaction Effects on Scores 


As previously reported, the effects of both problem 
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difficulty and ability on criterion scores were highly significant. 
Mean scores of the ability groups in each of the problem difficulty 
levels are shown in Table 18. There was significant interaction 


between ability and problem difficulty, as illustrated in Figure 6. 


Table 18 


Mean Scores of High and Low Ability Groups on the Two 
Problem Difficulty Levels 


Problem Difficulty 


Ability 
A B A&B 
High 1.40 0.99 1.19 
Low 1.28 0.40 0.84 
Both 1.34 0.69 1.02 
2 
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Figure 6 


Interaction Between Ability and Problem Difficulty 
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In problem A both ability groups' scores were much the same, whereas 
in problem B the q test showed that the high ability group was far 
superior (p < 0.01). Thus, most of the difference in scores due to 
ability was accounted for in problem B. High ability students per- 
formed better in problem A than in problem B (p < 0.05), and the 
Same was true of the low ability group except that the difference 
was greater (p < 0.01). Therefore, the majority of the difference 
in scores due to problem difficulty was accounted for by the low 
ability subjects. 

The effect of grade level on the criterion score was 
highly significant as noted from the results of the five-way ANOVA. 
There was also a highly significant interaction between grade and 
problem difficulty. The mean scores for each grade in the problem 
difficulty levels are given in Table 19, and the interaction is 


apparent in Figure 7. Scores in problem B increased very slightly 


Table 19 


Mean Scores of Each Grade on the Two Problem 
Difficulty Levels 


Problem Eralefele 
Difficulty 1 9 3 ee 
A 0.62 1.50 1290 1.34 
B 0.47 Ole 0.90 0.69 
A&B 0.54 aah 1.40 LOZ 
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Interaction Between Grade and Problem Difficulty 


from grade to grade and q tests revealed no significant differences 
between means. This proved to be a tough problem for all three 
grade levels. However, in problem A scores climbed more steeply 
through the three grades, with both second- and third-graders 
scoring much higher than first-graders (p < 0.01). Grade 1 subjects 
found both problems A and B to be difficult and the difference 
between scores was minimal. However, in each of the next two grades 
the difference was very marked (p < 0.01). Much of the overall 
effect on scores attributed to grade level resulted from the low 
mean score of grade 1 subjects (0.54) in comparison with the scores 
for second- and third-graders. 

The mean scores of boys and girls in each grade are 


given in Table 20. The five-way ANOVA showed some interaction 
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Table 20 


Mean Scores of Boys and Girls in Each Grade 


Grade 
Sex 
1 P 3 1-3 
Boys 0.63 0.92 1623 0-93 
Girls 0.45 sO Te 7 Ihe dU 
Both 0.54 He Ibs IAD) 1.02 


between grade and sex (F = 2.438, p < 0.08949), as illustrated in 
Figure 8. There was no significant difference between boys and 
girls at any grade level. Overall, girls tended to perform better 


than boys but the difference was not significant due to the 
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Interaction Between Sex and Grade 
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comparatively low score of the first-grade girls. 

Two other interaction effects were noted in the results 
of the five-way ANOVA. There was interaction between ability, 
problem difficulty, and problem setting (F = 2.286, p < 0.06086). 
Finally, there was significant interaction between sex, ability, 


problem difficulty, and problem setting (F = 3.185, p < 0.01422). 
Major Findings 


The results of the investigation have been reported in 
this chapter. The major findings of the study were as follows. 
1. Subjects exhibited a wide range of problem-solving behaviors 
which, in many cases, were influenced by the problem setting. 
2. Nearly all the subjects used either an invalid process or a 
trial and error approach when attempting the problem. 
3. A majority of the subjects were distracted by irrelevant 
spatial-numerical or color-attribute cues. 
4. Distractedness was related to problem setting, and each of 
these factors affected problem-solving performance. 
5. The ability to cope with distractions increased with the 
grade level. 
6. Girls were better able to cope with distractions than boys. 
7. High ability subjects were more successful than low ability 
subjects on the problem-solving task. 
8. More subjects were distracted in the division problem with 


a remainder (problem B) than in the one with no remainder 


(problem A). 
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Slow (reflective) responders were more successful on the 
problem-solving task than fast (impulsive) responders, but 
distractedness was independent of conceptual tempo. 

There were a number of interaction effects. 


There were some defects in the interview techniques. 
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CHAPTER IV 


SUMMARY, FINDINGS AND IMPLICATIONS, CONCLUSIONS, 
AND RECOMMENDATIONS 


A summary of the investigation is presented in the first 
part of this chapter. The findings and their implications are then 
discussed in detail. The next section contains a list of conclusions 
drawn from the study. Finally, some recommendations are proposed 


for both research and teaching. 
Summary 


In the field of mathematics education more research has 
been directed at problem solving than at any other topic, but only 
a few of these investigations have been concerned with non-verbal 
problems. Some studies have shown that the inclusion of noise or 
distractions in word problems tends to increase problem difficulty. 
The Piagetian and related studies show that young children experience 
difficulties in developing specific concepts due to their attention 
CD irrelevant perceptual cues in concrete and pictorial material. 
Although there is some evidence that young children are also dis- 
tracted in non-verbal mathematical problems, no studies have system- 
atically investigated the role of distractions in such problems. 

The major purposes of this study were as follows: 

(i) observe, record, and analyze behaviors of first-, second- 


and third-graders attempting to solve one of two non-verbal 
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partitive division problems (one with a remainder; the other 
with no remainder) in problem settings representing different 
qualities and quantities of distractions; 

(ii) investigate subjects' interactions with distractions in the 
five problem settings; 

(iii) examine the effects of distractedness and conceptual tempo on 
problem-solving achievement, and the relationships of these 
factors to sex, ability, grade level, problem difficulty, and 
problem setting; and 

(iv) determine the main effects of sex, grade, ability, problem 
difficulty, and problem setting on problem-solving achieve- 
ment, and also determine any interaction effects. 

The data for this study were collected in November and 
December,1976. Six schools were chosen from those within the Edmonton 
Public School system so as to represent, as far as practicable, the 
population of first-, second-, and third-graders in the system. 
Stratified random sampling procedures, based on sex and Metropolitan 
Readiness Test percentiles, were used to select ten matched groups 
from the grade 1 pupils in these schools. Each group consisted of 
three girls and three boys of high ability, and three girls and three 
boys of low ability. Ten matched groups were selected in the same 
way in each of the other two grades, except that percentiles on a 
standardized mathematics test of the Edmonton Public School Board 
‘were used as the criterion for ability. 

At each grade level each group was randomly assigned to 


one of two non-verbal partitive division problems in one of five 
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distraction settings. Each setting included three trucks, and 12 
cars for the problem with no remainder or 13 cars for the problem 
involving a remainder. In the first problem setting the cars and 
trucks were all the same color to create minimal distraction. 

This also applied in the second setting except that other objects 
were also included to add realism and present situational distractions. 
The third setting embodied color-attribute distractions in that the 
three trucks were each of a different color, and there were three 
colors of cars to match. All cars and trucks were of the same color 
in the fourth setting, but a spatial-numerical distraction was added 
by marking six bays on the back of each truck. The fifth problem 
setting contained all the distractions of the other settings in 
combination. 

Each of the 360 subjects attempted one of the two problems 
individually with the experimenter. The subject was asked how many 
cars would be on each truck if as many as possible of the 12 (or 13) 
cars were loaded so as to put the same number on every truck. A 
standard format was adhered to in every case up to the point of the 
child's confirmation of his or her response. Thereafter the structure 
of the interview varied, depending on the subject's actions and re- 
sponses. This latter part of the interview was designed to get at the 
thought processes used in the problem-solving task; in particular, 


whether or not the subject was distracted and the reasons for such 


distractions. An audio tape-recorder was used to record verbalizations, 


and all overt behaviors were noted on data cards. Each subject could 


score one point for each of the following: first response correct, use 
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of a valid process, and confirmation of the correct response. 
Thus, a score of either zero, one, two, or three was awarded. 

The time taken for each subject to give the first 
response was noted. Subjects were classified as either fast 
responders (impulsive) or slow responders (reflective) for 
conceptual tempo. They were also classified as either verbal 
or manipulative solvers, based on whether or not they manip- 
ulated the materials when attempting to solve the problem. A 
five-way analysis of variance was carried out to determine the 
main effects of grade, sex, ability, problem difficulty, and 
problem setting on problem-solving performance, and also any 
interaction effects. Chi-square goodness-of-fit tests and tests 
for differences between proportions or means were used to in- 
vestigate other relationships. 

The subjects exhibited a wide range of problem-solving 
behaviors; many of which were influenced by the particular prob- 
lem setting. Only 36 percent of subjects used a valid process in 
attempting to solve the problem, and most of these followed a 
trial and error approach. Very few distributed one car per truck 
in turn, or used computation to solve the problem. Nearly two- 
thirds of the subjects were distracted by irrelevant spatial- 
numerical or color-attribute cues. That is, they considered that 
the number of cars to be put on each truck was based on the amount 
of room, the number of marked bays, or a matching of cars and 
trucks by color. However, some overcame the distractions and 


proceeded to solve the problem. A majority of the distracted 
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subjects gave no explanation for their attention to the irrelevant 
perceptual cues. 

Distractedness was related to sex, grade level, problem 
difficulty, and problem setting. More subjects were distracted in 
grade 1 than in either of the other two grades. Subjects were 
distracted more in the problem involving a remainder than in the 
one with no remainder. The fourth spatial-numerical distraction 
setting and the fifth maximum distraction setting each proved to 
be more distracting than any one of the other three problem settings. 
In the fifth problem setting with bays marked on the trucks more 
subjects were distracted by the spatial-numerical than by the color- 
attribute cue. However, in the third setting with no markings on 
the trucks the reverse was true. Girls seemed better able to cope 
with the color-attribute distraction than boys, and among the verbal 
solvers girls were less distracted than boys. Subjects who were 
not distracted were far more successful on the problem-solving task 
than those who were distracted, and reflective subjects attained 
much higher scores than impulsive subjects, but there was no inter- 
action between distractedness and conceptual tempo. 

Problem-solving scores were significantly affected by 
grade, ability, problem difficulty, and problem setting. Success 
on the problem-solving task increased with both grade and ability. 
Subjects were much more successful on the problem with no remainder 
than on the problem which involved a remainder. In fact, children 
in all three grade levels had limited success with the latter prob- 


lem. Lower scores were registered in the fourth and fifth problem 
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settings, where more subjects were distracted, than in any of 

the other three settings. In addition to these main effects, 
interaction effects of the following sets of factors were noted: 
ability and problem difficulty; grade and problem difficulty; 

grade and sex; ability, problem difficulty, and problem setting; 
and sex, ability, problem difficulty, and problem setting. Finally, 


there was evidence of some flaws in the interview techniques. 
Discussion and Implications of Findings 


The major findings of the investigations were listed at 
the conclusion of Chapter III. A discussion of each of these 


follows. 


Subjects exhtbtted a wide range of problem-solving behavtors 
whtch, tn many cases, were influenced by the problem setting. 


In the fourth and fifth problem settings, where six bays 
were marked on each truck, most subjects simply counted the bays to 
determine their solution. It seemed that the marked bays lured 
many children into a different interpretation of the problem. Appar- 
ently, the problem was seen as one requiring the number of cars which 
would fit on each truck. Each bay could take one car, so the child- 
ren generally counted the bays to see how many cars would fit on each 
truck. Thus, for these children, counting the bays was a valid and 
efficient strategy for solving the problem as they saw it. The most 
common response in these two settings was six cars per truck, which 


provided further evidence to support the notion that these children 
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were solving a different problem from the one assigned. 

A similar interpretation of the problem seemed to occur 
in the first three settings with no bays marked on the trucks. 
Many children set out to determine how many cars would fit on each 
truck, as if this was the problem to be solved. Some subjects counted 
imaginary spaces on the trucks, while others loaded cars to check. 
Responses varied from three to twenty cars per truck, with the most 
prevalent being three, four, five, or six cars per truck. Thus, in 


all five settings, children tended to misinterpret the assigned prob- 


lem and try to find out how many cars would fit on each truck. However, 
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this behavior was less common when the trucks were unmarked. Apparently, 


the marked trucks provided a stronger distraction than the unmarked 
ones. 

Other misinterpretations of the problem occurred in the 
third and fifth settings when different colored cars and trucks were 
used. In these settings some children seemed to think that the task 
required them to put the blue cars on the blue truck, the yellow cars 
on the yellow truck, and the red cars on the red truck. Thus, the 
arrangements 3,4,5 for problem A and 3,4,6 for problem B were based 
on the respective numbers of blue, yellow, and red cars. Some sub- 
jects appeared to see the task as one requiring both the same color 
and the same number of cars for each truck. For example, seven 
children said there would be three cars on each truck because there 
were only three blue cars for the blue truck. 

When children give an incorrect response to a problem 


this may not mean that they cannot solve that problem; rather, it 
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may be that the response results from the solution of a different 
problem altogether. During the interview session which followed 
the problem-solving task, eighteen children solved the problem 
without being specifically asked to do so. The questions posed 

by the experimenter apparently led them to identify the problem 
assigned originally, and they were able to solve it. If a child 
gives a correct response to a problem in one setting this does not 
guarantee that the same response would be given to that problem in 
a different setting. It appears that children should be exposed 


to the same problem contained in a variety of settings, along the 


lines of the multiple embodiment principle proposed by Dienes (1971). 


The problem question began with the phrase "we have to 
load . . .", and therefore implied that loading the cars on the 
trucks would be acceptable behavior. Yet fewer than one-third of 
the subjects were manipulative solvers. Obviously, some subjects 
were able to solve the problem without manipulations, but many 
could not. A reluctance to touch any of the objects suggested that 
the manipulation of materials to solve problems was not the usual 
thing to do for many children. Perhaps children are not given 
much experience with manipulatives in the school mathematics 
program. It was somewhat surprising to find that there was no 
significant decrease in the number of manipulative solvers with 
the increase in grade level. One possible explanation is that 
older children may be more inclined to search for rules to follow 
for a given task. They might interpret EWerhaver t OmlOady cmiet ess: 


as a rule, and therefore tend to manipulate the cars. On the 
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other hand, younger children may be less influenced by this cue. 

In the fourth and fifth problem settings where bays 
were marked on the trucks there were fewer manipulative solutions 
than in any of the other three settings with unmarked trucks. 

As already indicated, many children misinterpreted the problem 
and set out to determine how many cars would fit on each truck. 
Thus, in the fourth and fifth settings it was a relatively simple 
procedure to count the marked bays, and that is what they tended 
to do. However, in the other settings children were more inclined 
to load cars to see how many would fit on each truck. 

Some manipulative solvers engaged in unnecessary simu- 
lations, such as driving trucks around or using the loading ramp, 
which were not Beaten to the problem. Such simulations were more 
prevalent among boys than girls, probably because boys tend to play 
with cars and trucks more often than girls do. The added realism 
in the second and fifth problem settings, which included objects 
other than cars and trucks, seemed to elicit more unnecessary 
simulations than the other three settings. These actions almost 
disappeared by grade 3, and all the subjects involved had little 
or no success with the problem. Dienes (1963) suggests that "in 
many cases play is resorted to as a kind of defence mechanism when 
the cognitive going gets too tough for the learner (p. 47)." The 


! 


findings seem to support Dienes’ claim. 


Nearly all the subjects used etther an invaltd process or a 
trial and error approach when attempting the problem. 


Sixty-four percent of the subjects did not use any valid 
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process at all, 32 percent employed trial and error, and four 
percent used more efficient processes when attempting the problem. 
Most of those using an invalid process attended to either color- 
attribute or spatial-numerical cues, as indicated previously. Others 
employed a number of invalid strategies. Six children said there 
would be three cars on each truck because there were three trucks. 
These children apparently perceived a different problem from the one 
presented. They seemed to think that, for each truck, there had to 
be the same number of cars as trucks. Twelve other subjects said 
they guessed to obtain their solution. Possibly, in some of these 
cases, a more rational strategy was used, but this could not be 
verified. The so-called guess may have been an attempt to explain 
how the problem was thought out. Thirteen other subjects tended 
to respond rather promptly, but could not provide any explanation 
of the strategy employed. Some possible reasons for this are dis- 
cussed subsequently. 

Of the 130 subjects who used a valid process, all but 
15 employed a trial and error method. Eleven of the 15 subjects 
distributed one car per truck in rotation, while the remaining four 
subjects computed the solution by using the operations of multiplic- 
ation or division. It was surprising that so few subjects used a 
systematic process. In the trial and error method several arrange- 
ments of cars would be tried in order to arrive at the solution. 
Some subjects solved the problem with only one trial. When asked 
why they chose four cars per truck to begin with, a few children 


made a response like "I just tried four and it worked". However, 
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many of these gave their solution with little or no hesitation 
but could not explain the initial choice of four, even though they 
usually demonstrated confidence in this solution. 

Apparently, young children have considerable difficulty 
explaining their thought processes -- particularly when a problem 
is solved quickly. Menchinskaya (1969) claims that "when there is 
such an automatized solution, the subject often experiences great 
difficulty in explaining his thoughts, so rapidly do they proceed 
(p- 41)." Donaldson (1963) also contends that "much of the thought 
may be too quick for articulated speech or for some other reason 
quite inaccessible to consciousness (p. 29)." This statement agrees 
with Piaget's (1973) claim that "a larger part of the structures 
the child uses when he sets out actively to solve a problem remain 
unconscious (p. 86).'' According to Freudenthal (1973), adults 
generally use an algorithm whereas young children tend to calculate 
more visually and are therefore unable to describe the process 
(p. 129). First-graders seemed to experience the most difficulty 
in explaining what they did. One explanation could be that young 
children generally solve problems at the perceptual or figurative 
levels, rather than at the operational level of functioning. 
Therefore, they may not have developed a schema for conceptualizing 
or describing the process. 

As far as could be ascertained, only four of the 360 
subjects used the operations of multiplication or division to solve 
the problem. This was a surprising result; particularly since 


instruction in these operations is a component of the school program 
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in grade 2. It was expected that many more subjects would solve 
the problem with no remainder, especially among the third-graders. 
Children in grade 3 are generally expected to be able to compute 
the number of threes in twelve, but it seems that they are unable 
to translate a real problem into this computational form; perhaps 
due to a lack of appropriate experiences. Eleven subjects solved 
the problem by distributing one car per truck in rotation. This 
partitioning process is the most efficient one for solving a part- 
itive division problem in the enactive mode. It appears to be a 
relatively simple procedure for young children to learn, but the 
fact that so few children used this process suggests that they are 
not being given experience with it in school. Teachers should 
guide young children in partitioning a given set of objects into 
equivalent subsets by distributing the objects on a one-by-one 
basis. This procedure should be mastered before being translated 
into the operation of division at the symbolic level. 

The overall performance of the subjects on the problems 
was somewhat low, and the lack of systematic procedures was very 
marked. Could it be that partitive division is rather difficult 
for children in these grades? Bourgeois (1976) found that young 
children were less successful with partitive than with measurement 
division problems, and earlier research has come up with a similar 
finding (Callahan & Glennon, 1975). However, the difference could 


well be due to the lack of attention being given to partitive 


division in school programs. 
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A majority of the subjects were distracted by trrelevant 
spattal-numertcal or color-attribute cues. 


The proportion of subjects distracted was surprisingly 
high. In all, 66 percent attended to distractions in the problem 
settings. Of these, 208 subjects were distracted by spatial-numerical 
cues, 42 were distracted by the colors of the cars and trucks, and 
one subject tried to classify cars by kind. A further nine percent 
of the subjects said they were distracted when questioned by the 
experimenter. However, the particular questions were such that they 
may have influenced the subjects' responses. Therefore, there was 
no way of telling whether or not these children were actually dis- 
tracted. 

As already indicated, the children who focused on irrel- 
evant information seemed to identify a different problem from the one 
assigned. Apparently, for the distracted subjects the relevant inform- 
ation became irrelevant. For example, most of the subjects who were 
distracted by a spatial-numerical cue focused on the trucks to deter- 
mine how many cars would fit, and completely ignored the fact that 
there were only 12 or 13 cars. To them, this information was irrelev- 
ant. The majority of the distracted subjects gave no explanation 
for their attention to the irrelevant cues. When questioned they 
often did not answer or said, "I don't know". Asking a subject dis- 
tracted by a spatial-numerical cue the question "Why do you fill 
each truck?" is probably equivalent to asking the successful solver 
"Why do you put four on each truck?" Each subject might see the 
question as "Why did you solve the problem?" and consider it redund- 


ant, or be unsure how to respond. Also, some children may have been 
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unable to recall the rationale for the particular strategy employed. 
There was no significant difference between the proport- 
ions of manipulative and verbal solvers who were distracted. However, 
in the pilot study (Bana & Nelson, in press) it was found that manip-—- 
ulative solvers were more easily distracted than verbal solvers, and 
also that the overall percentage of distracted subjects was less than 
in the current study. In the main study, subjects were questioned 
more extensively in an endeavor to determine whether they were dis- 
tracted or not. Also, the SES of the pilot sample was higher than 
that of the main sample. Both of these factors may have contributed 
to the difference. The effect of SES on distractedness needs further 
investigation. 
The problems used in this study had two components -- 

the problem setting, and the problem question presented verbally to 
the subject. Therefore, if a subject was distracted by irrelevancies 
in the problem setting the nature of the question probably played a 
key role also. Almy (1966) claims that 

the child's responses are shaped not so much by the quest- 

ion put to him, as by his way of looking at the materials 

and objects in the experiment (p. 133). 


This may be so, but Gagné (1966) suggests that 
the process of distinguishing between relevant and irrelev- 


ant cues in the stimulus situation may be affected by in- 
structions which increase the distinctiveness of these cues 


Cpe Lag. 
In the current study "the same number of cars" was a key phrase in 
the problem question. Yet, subjects rarely used this phrase either 
when seeking clarification of the problem or during the interview 


which followed; rather, they tended to say "the same amount of cars". 
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If "same amount" was more meaningful than "same number" then the 
substitution of the latter phrase in the problem question might 
have resulted in fewer subjects being distracted. The overall 
mean score in the main study was 1.02, whereas the mean score in 
the pilot study was 1.58 (Bana & Nelson, in press). Some of the 
difference is almost certainly due to SES and related factors. 
However, the problem questions were not identical in the two 
studies, and this may also account for some of the discrepancy 
in performance. More research is needed to determine how the 
problem question affects distractedness in the problem setting. 

The first problem setting was devised as one of minimal 
distraction but many subjects were distracted by a spatial-numerical 
cue, both in this and in the other four settings. The second and 
fifth problem settings included situational distractions in the form 
of three men, a building, a loading ramp, a parking area, and a 
roadway. However, these situational distractions apparently had no 
effect as such. Some subjects were distracted by the man on each of 
the first two trucks, but only in a spatial-numerical sense in that 
each man was considered to take up space. For example, these child- 


ren generally claimed that each truck could take five cars because 


the man was in the way. Although these two problem settings elicited 


more unnecessary simulations than other settings, all the subjects 
who engaged in this behavior were distracted by spatial-numerical 

or color-attribute cues. Thus, it appears that a distraction only 
'works' if it provides the basis for some alternative problem. 


In devising problems at the concrete level for young 
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children it would appear that some difficulty will be encountered, 
both in isolating particular distractions and in providing sit- 
uations which are distraction-free. Perhaps it is not possible 

to provide problem situations which are realistic and interesting, 
and at the same time free of distractions. As Stevenson (1975) 
observes, in making a problem interesting for the child we also 
introduce irrelevancies. How can this situation be reconciled? 
Dienes (1963) suggests that "perhaps the solution lies in gradually 
increasing or decreasing the amount of noise present (p. 56)." 

Dienes maintains that cutting through noise is an essential component 


of concept formation. Skemp (1971) agrees, and proposes the 


following: 
in the early stages, low noise —- clear embodiment of 
the concept, with little distracting detail -- is desir- 


able; but as the concept becomes more strongly establish- 
ed, increasing noise teaches the recipient to abstract 
the conceptual properties from more difficult examples 


(pe 33) s 


If children are introduced to a problem containing many 
distractions the noise level may be such that they find the problem 
impossible to solve. In this respect, Skemp's proposition seems 
reasonable. Also, if the ability to cope with distractions is a 
developmental characteristic of children then minimal distractions 
in the early stages would be preferable. For young children, a 
gradual increase in the amount of noise may be the best approach. 
However, at some stage it might be better to introduce problem 
situations with many irrelevancies then gradually reduce the irrel- 
evant information if necessary. In order to be successful at solving 


real problems children will need to develop the ability to handle 
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situations with high noise levels. Three possible solutions 
have been discussed: decreasing the noise level; increasing the 
noise level; or increasing the noise level for young children, 
then reversing this procedure later. The last one appears to 

be the best of these, but longitudinal research needs to be 
carried out to get more definitive answers. Teachers need to 
plan learning experiences carefully when using manipulative mat- 
erial with young children. They should be aware of attributes 


which may distract children. 


Distractedness was related to problem setting, and each of 
these factors affected problem-solving performance. 


The mean scores for distracted and non-distracted sub- 
jects were 0.58 and 1.88 respectively. The marked difference in 
scores is not surprising if one considers that a distracted subject 
may be trying to solve a different problem from the one presented. 
Some distracted subjects overcame the distraction and went on to 
solve the problem presented to them. Why this occurred with some 
children and not with others is unclear. Perhaps some discovered 
that the problem they had identified could not be solved. For 
instance, if the problem was seen as requiring every truck to be 
filled with the given cars then this was impossible. In fact, some 
children tried to do this and, when they ran out of cars, realized 
it could not be done so they proceeded to attempt the assigned 


problem. Thus, if a problem is found to be illogical the child may 


search for another problem to solve. 
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The numbers of subjects distracted in the five respective 
problem settings were 28, 36, 46, 64, and 64. Since distractedness 
was closely linked to performance, subjects were much less success- 
ful in the fourth and fifth problem settings than in any of the 
other three settings. The one spatial-numerical distraction in the 
fourth setting proved to be particularly strong. It seems that the 
marked bays highlighted a plausible alternative problem which could 
be identified readily by the children. Surprisingly, there was no 
increase in the number of distracted subjects in the fifth setting, 
which included all the distractions devised for the other four set- 
tings. In fact, performance here was slightly better than in the 
fourth setting. Perhaps the fifth problem setting, with its extra 
information load, necessitated some processing of the information to 
seek out a problem; unlike the fourth setting where, at least accord- 
ing to the distracted subjects, the problem was more obvious. 

The third problem setting was designed to include a color- 
attribute distraction. However, a spatial-numerical distraction also 
entered into this setting. Color was the stronger of the two dis- 
tractions here but the reverse was true in the fifth setting, probably 
because the spatial-numerical distraction was quite definitive in the 
form of the marked bays. Bourne (1966) has shown that both the "form 
and amount of redundancy are important determiners of performance in 
concept identification problems (p. 59).'' The findings of the current 
study indicate that different irrelevancies do create different levels 
of distraction. As a result of number conservation tasks given to 


kindergarten children, Scandura and McGee (1972) concluded that "rela- 
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tively minor variations in the materials used may significantly 
affect the child's performance on a task (p. 344)." 

A similar conclusion has been reached regarding 
Piagetian concepts. For example, Suydam (1976) points out that 
"unless the same questions and materials are used, results may 
differ (p. 103).'' Piaget's experiments with conservation tend 
to be task-specific. However, similar research has shown that 
changes in the task variables can produce different results 
(Callahan & Glennon, 1975, p. 32). Thus, whether children are 
classified as conservers or non-conservers may depend on how they 
cope with distractions in the given task. Obviously, it is not 
possible to investigate the effects of distractions in every con- 
ceivable setting for any given problem, and this poses difficult 
questions related to curriculum design. For example, how can 
appropriate learning materials and activities be selected if Merle 
is known about the various inherent distractions? Much more re- 
search is needed to establish general patterns of distractedness 
in young children, in order that curriculum builders and teachers 
may be able to anticipate at least some of the distractions which 


are likely to inhibit the learner in particular contexts. 


The ability to cope with distractions tnereased with the 
grade level. 


The numbers of distracted subjects in grades 1, 2, and 
3 were 86, 83, and 69 respectively. Of these, the corresponding 
numbers of subjects who overcame at least one distraction were 12, 


19, and 26. Thus, with the increase in grade fewer subjects were 
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distracted, and an increasing proportion of distracted subjects 
were able to discard irrelevant cues. The scores on the problem 
solving task increased markedly from grade to grade. As Shulman 
(1976) suggests, these developmental differences in performance 
on the same cognitive task seem to be due to the ability to cope 
with noise (p. 77). This developmental trend may be observed in 
the way children acquire Piagetian concepts. For example, child- 
ren who can conserve numerousness have, over a period of time, 
learned to ignore irrelevant perceptual cues such as length or 


configuration. 


Girls were better able to cope with distractions than boys. 

More boys were distracted than girls overall, although 
this difference was actually confined to the verbal solvers. Girls 
performed better than boys in the third and fifth problem settings 
where there was a color-attribute distraction. Fewer girls were 
distracted by color, and they were more likely to discard this cue 
than the boys. This could be due to different experiences that 
boys and girls have had with this type of situation. The color- 
attribute distraction needs to be embodied in a variety of situations 
in order to ascertain the extent of sex differences in relation to 


this factor. 


High ability subjects were more successful than low ability 
subjects on the problem-solving task. 


The mean scores of the high and low ability groups were 


1.19 and 0.84 respectively, and the corresponding percentages of 
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distracted subjects were 62 and 69 percent. Statistically, the 
effect of ability on performance was highly significant. However, 
in practical terms, the difference between the two groups was 

not as great as might be expected. It seems that the criteria 

used for ability in this study may not constitute the best predict- 
or of success. Perhaps IQ would be a better predictor than ability 
as it was defined here. The relationship between distractedness and 
performance has already been discussed. The high ability group 
tended to be distracted less than the low ability group, but the 


difference was not very marked. 


More subjects were distracted in the divtston problem with 

a remainder (problem B) than tn the one with no remainder 

(problem A). 

The mean score on problem A was 1.34, and on problem B 

it was 0.69. The percentages of distracted subjects for the two 
problems were 61 and 71 percent respectively. The difference in 
scores was much more marked than the difference in distractedness, 
as indicated by the respective levels of significance (p < 0.00000; 
p < 0.025). This appears to weaken the argument that performance -- 
that is, problem difficulty -- is closely linked to the distractions 
which are present. However, problem B included an extra car in each 
setting. Although this was not considered as a distraction for the 
purposes of the study, it seems to have acted as such. Children 
often seemed to think that the problem was to load all 13 cars and 
put the same number on each truck. Thus, as with other distracted 


subjects, they essentially identified a different problem from the 
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one presented. Some eventually realized that it was impossible 
to load all the cars and that one had to be left. Others seemed 
to see that the problem they were attempting could not be resolved, 


but they did not identify what the assigned problem required. 


Slow (reflective) responders were more successful on the problem- 
solving task than fast (tmpulstve) responders, but distractedness 
was tndependent of conceptual tempo. 

The respective mean scores of reflective and impulsive 
subjects were 1.42 and 0.61. The difference in scores was surprising- 
ly large, but the superiority of the reflective subjects was anticip- 
ated from previous research (Cathcart & Liedtke, 1969). Although the 
proportion of distracted subjects tended to be higher in the impulsive 
than in the reflective group the difference was not significant. This 
seems to contradict the distractedness-performance link discussed 
before. But conceptual tempo was defined only in terms of the median 
time taken to provide the first response to the problem question. 

On this basis, all subjects who took more than 11 seconds were class- 
ified as reflective. Nearly one-fourth of the distracted subjects 
overcame at least one distraction, and most of these were in the ref- 
lective group. This was probably due to the extra time involved in 
discarding a distraction and seeking out an alternative problem. 
Therefore, although impulsive and reflective subjects were almost 
equally distracted, reflective subjects often overcame the distraction 
and went on to solve the given problem. 


In the reflective group the subjects who were not distrac- 


ted performed significantly better than those who were. The same 
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result occurred in the impulsive group, but there was no interaction 
at all between conceptual tempo and distractedness. Conceptual tempo 
was independent of grade, sex, or ability. It would be interesting 
to know whether the findings would have differed to any extent if 
Kagan's (1965) criteria had been used for conceptual tempo. The rel- 
ationship of distractedness to other dimensions of learning style, 
such as field dependence-independence, should also be investigated. 
The marked difference in performance between reflective and impulsive 
subjects emphasizes the importance of conceptual tempo in the teach- 
ing and learning of mathematics. Teachers should allow children 
ample time to process the information, rather than hurry their 
response. In fact, as Schwebel and Schwebel (1974) have shown, it 

is probably best to have children delay their response for a certain 


period of time so as to encourage them to reflect on the problen. 


There were a number of interaction effects. 

There was a significant interaction between ability and 
problem difficulty, and between grade and problem difficulty. The 
performances of the high and low ability groups in problem A (no 
remainder) were almost the same. However, in problem B there was 
a marked difference in scores. While high ability children still 
had some success, the low ability group performed very poorly with 
the more difficult problem. First-graders had little success with 
either problem but, for problem A, scores rose sharply in grade 2 
and were higher again in grade 3. However, the rise in scores 


through the grades was much slighter for problem B. These develop- 
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mental trends suggest that, in general, division problems are not 
very appropriate for grade 1, but are suitable for grades 2 and 3. 
However, even in these two grades, problems involving a remainder 
may be too difficult for children of lower ability. 

There was some interaction between sex and grade level. 
In grade 1 the boys performed better than the girls, but in the other 
two grades the reverse was true. Although girls tended to score 
higher than boys overall, the difference was not significant. If 
first-grade boys have had more experience with toy cars and trucks 
than girls, this could explain the difference in performance in 
grade l. Yet it contradicts the findings in the other two grades. 
One could speculate that perhaps girls at this level benefit more 
from schooling than do boys, and therefore perform somewhat better 


than boys at the second- and third-grade levels. 


There were some defects tn the interview techniques. 

Some instances of induced distraction resulted from the 
interviews. These occurred when the subject was asked directly 
whether or not a particular distraction had some bearing on the 
strategy used to solve the problem. The experimenter was inclined 
to ask such a leading question when the information was not vol- 
unteered by the subject. When asked if they attended to a particular 
distraction many subjects replied in the affirmative, perhaps to 
please the experimenter. Any information obtained in this way is of 
no practical use since it cannot be interpreted. It would be more 


useful to know that a subject declined to answer a question than to 
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obtain a response suggested by someone else. When the objective 

is to determine the thought processes of the child, great care 
should be taken to avoid the inclusion of any clues in the questions 
being asked. 

In this study subjects were generally asked to recall all 
the arrangements of cars they had tried in attempting to solve the 
problem, and their reason for attending to a distraction when this 
occurred. However, one or both of these questions were inadvertently 
omitted in some instances, with the consequent loss of useful inform- 
ation. The nature of an interview will depend largely on its major 
purpose; in particular, whether the objective is to gather quantit- 
ative or qualitative data. Flexibility is generally desirable so 
that questions can be varied according to a subject's actions and 
responses. If quantitative data is required then the interview 
necessitates some structure. For example, if the intention is to 
determine how many children counted the objects before solving the 
problem then the appropriate question would need to be asked in 
every case. Finally, the use of non-verbal problems combined with 
individual interviews seems to be the most useful means for gather- 


ing information on how young children learn mathematics. 
Conclusions 


The findings above are not all definitive. Some will 
need to be checked by further research. However, the following 
general concluding statements seem to be supported, in varying 


degrees, by the results of this study. 
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1. Children in grades 1-3 lack experience with realistic part- 
itive division problems in the enactive mode, and tend to use 
inefficient or incorrect methods in attempting to solve such prob- 
lems. 

2. Both problem-solving behavior and performance are affected 
by the setting in which the problem is embodied. 

3. Young children are easily distracted by irrelevant perceptual 
cues in the problem setting. 

4. Distracted children seem to identify and solve a different 
problem from the one presented, unless they overcome distractions and 
recognize the assigned problem. 

5. Irrelevant information in a problem setting acts as a distract- 
ion only if it can be incorporated into a plausible altermative prob- 
lem by the child. 

6. Developmental differences in problem-solving performance are 
related to the ability to cope with noise. 

7. Girls are better able to cope with distractions than boys in 
grades 1-3. 

8. Slow (reflective) responders are more successful problem 
solvers than fast (impulsive) responders. 

9. Division problems with no remainders are appropriate for 
grades 2 and 3, but problems involving remainders are suitable only 
for the higher ability pupils in these grades. 

10. The use of non-verbal problems, combined with individual 


interviews, provides a sound basis for investigating how young child- 


ren learn mathematics. 
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Recommendations for Research and Teaching 


One of the topics most in need of further research in 
this area is the combined effect of both verbal and perceptual 
irrelevancies on problem-solving behavior and performance. In 
this study the verbal problem question was not varied. Other 
studies have shown that variations in the format of a verbal 
problem do affect problem difficulty. The interaction between 
the verbal question and the problem setting needs to be investig- 
ated. This can be done by incorporating different types and 
amounts of distraction in both the verbal and perceptual components 
of the problem. Another question requiring some definitive answers 
concerns the way in which noise should be included in learning sit- 
uations. Should distractions be gradually increased, or decreased? 
Or, would some combination of these two approaches provide the best 
learning sequence? It has been suggested that young children may 
need to learn mathematics through a gradual increase in the amount 
of irrelevant information but that at some later stage it might be 
preferable to present problems with many distractions which can be 
gradually reduced if necessary. However, much more evidence is re- 
quired to determine which is the best path to follow. 

The study undertaken here was essentially of an explor- 
atory nature and therefore limited in scope. Each subject attempted 
only one problem. It would be interesting to observe the behaviors 
of individuals in a number of similar problems to check for any 


variation in distractedness with practice. The findings have rev- 


| | | ie Te sesh 7a 
se sap pS PLA 
Laaisipantins wry Ledsiee ta Yh Mella wits wt ates 
ee : 27 rib 
wade adie Se a tae re FA 
iedaug.a Ya see of ooo eh wing zAlinae ands, wots ! 
omen! Ob iteer a! a og VOIR enbtrag 299)t6 eh) 
sive-tah 68 OD tees tate pele om) fen aeciemep. 
du CouA Siqudi lich aiiopenyraun <4 .aital; vo: ah tn 
aimee ley igure bhe Updtiier oi Mied a dyeqvatzeld 29 a : 
Pan week ego Ande leper eigod Ganemh nalégtg7 
fin guieeint @ Ga ER, ye ernie pram Mei sot sie its 
{teeoten sh ye AoularnahbimAlery of mbisareih 6luad. 9! 
tre aly ioe an, CMRI yt, Gee - Hie ebadateiona: gyag 
fim gicch) A phire nadie Sad amgact atid, Gu 23 Repimpbe 
hele C8 of Senepena eat 4. Mpa bet mention maple 
~ slpie ee ee 
ne et anette scot Wine A ame Som. de 
ee ee ee ee vex htm 
ower! a0 saa, emf ie at dele entrvmtah od fie 
<p, 3, dinhoninnd niet ennareiine Witte OA, 5- aE 
hongomlcte anerdiek any chet 0 eho eee 
4 etsnoncrnt ot tune 48. 


U 


— 


es 


| 


ne - 
—_<« 


io. 
= 
= 


— 


. 
ae 


@ 
7 + 


Sains Penenprinenean ap» 


7 y : 
a = : 
- bans 7 a " ; 7 : a a 


i 


a _ — 


@ 


— . _ 


105 


ealed useful information on the role of distractions in particular 
partitive division problems. Much more research needs to be under- 
taken with many different problems in a variety of settings. It is 
likely that the mathematical ideas in a problem, the type of situat- 
ional referent, and the particular setting for both of these, all 
affect the way in which children will handle any distractions that 
are present. The many different types of possible distractions need 
to be identified, and their effects measured -- for example, attrib- 
utes such as size, kind, and the like. 

The findings suggest that girls are less distracted, and 
seem better able to cope with color-attribute distractions than boys. 
To what extent do these differences apply? Obviously, this question 
can only be answered through further research with a variety of prob- 
lems and settings. A comparison of the results of the pilot study 
and the main study suggest that SES should be considered as a 
possible predictor of distractedness. The role of other pupil 
characteristics, such as IQ, should also be investigated. 

The reluctance of many subjects to manipulate the materials 
suggests that children in the junior elementary grades may not be 
given sufficient experiences with concrete material to help them learn 
mathematics. Very few subjects used an efficient strategy to solve 
the problem. Partitioning a set by using a one-by-one distribution of 
objects is a strategy which children in grades 2 and 3 should be able 
to master readily. Teachers should ensure that children are given 
adequate experience and practice with this method so as to enable 


them to handle partitive division problems in the enactive mode. 
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Teachers need to be aware that realistic settings will 
include irrelevancies which distract young children. However, 
for any given situation it may be difficult to predict which 
aspects will distract children. Nevertheless, some attempt should 
be made to identify likely distractions in learning activities in- 
volving manipulative materials. Then children will need to be ob- 
served closely to see how they handle these distractions. If a 
child fails to solve a problem this may not signify that he or she 
is unable to handle the mathematics involved. In such cases irrelev- 
ancies should be removed as far as practicable, since they may be too 
distracting. On the other hand, if a child succeeds with a problem 
in a particular setting teachers should not be deluded into thinking 
that this type of problem has been mastered. The child's performance 
should be checked in other settings also. 

Impulsive responders are not as successful as reflective 
responders in problem-solving tasks. Therefore, teachers would be 
advised to delay children's responses and encourage them to reflect 
on the problem before giving their solution. This may provide an 
opportunity to overcome distractions. Teachers should also employ 
the multiple embodiment principle; that is, expose children to the 
same problem in a variety of contexts to help them deal with varying 


types and amounts of distraction. Children need to be able to cut 


through noise in order to abstract mathematics from their environment. 
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SSIS A 


APPENDIX A 
SAMPLE OF INTERVIEW TRANSCRIPTS 


The following sample of thirty transcripts of inter- 
views consists of one example drawn from each of the two problem 
difficulty levels, for each of the three grade levels, in each of 
the five problem settings. Each transcript begins at the point 
where the problem question has been asked for the second time in 
accordance with the set protocol. The verbalizations of the ex- 
perimenter (E) are presented in standard script, while those of the 
subject (S) are in italic script. Non-verbal behaviors are rec- 


orded in parentheses. 


First Problem Setting 


Problem A 

Jacqueline -- Grade 1: (S looks at trucks and responds 
Sn eT ESE Oe Nine. Are you sure that's right? (She nods). Quite 
sure? Yeah, because I think three goes here (pointing to front of 
first truck), three there (pointing to middle of truck), and then 
three more there (pointing to back of truck). I see. Now are there 
enough cars to put nine on each truck? (She looks intently at cars, 
apparently counting, then shakes her head). So there aren't enough. 
Did you count the cars before to see if there were enough? Wo, I 


just did that. Did you think there were enough before to put nine 
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on every truck? Well, there's three here (indicating three cars); 

as much as I satd on the truck. But are there enough to put nine 

on that truck, nine on that truck, and nine on that truck (indicating 
each truck in turn)? Wo, only on that truck (indicating first truck). 
Will that give us the same number of cars on every truck? Wo, 
because that one will get zero, that one will get zero, and that one 
will get nine. Why did you want to do that? Because, you see, 
there's three (indicating first three cars) and that would fit there 
(pointing to front truck), and that three would fit there (indicating 
a second group of three for the middle of the truck), and three there 
(indicating a third group of three for the back of the truck); be- 
cause tt looks ltke itt fits. I see, but why did you want to put that 
many? J dummo. Did you want to fill it up? Yeah, to take them quay. 
Did you think there would be enough cars to put nine on each truck? 
Did you think that before, did you? I didn't quite know, then. 
There's only three here (pointing to groups of cars); here's three 
ears, there's three cars, there's three cars, and there's three cars. 
There's four. One, two, three, four (counting groups of three). But 
does that give us the same numer of cars on every truck? Wo, zero there, 
three there, and nine there (indicating each truck). So, that's no 
good, eh? Uh-uh. 

Adrienne -- Grade 2: (S looks at cars for some time; seems 
to be counting). Four. Are you sure that's right? (She nods). Are 
you quite sure? Uh-huh. How did you know there would be four on each 
truck? I cowmted. Show me how you counted. (She points as she counts 


groups of four cars). One, two, three, four; one, two, three, four, 
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one, two, three, four. I see, but how did you know you had to count 
to four? Did you try counting to three? Uh-huh. What happened when 
you tried to count to three? There were some more left. What did 
you try first? Two. You counted in twos, did you? I counted tin 
twos, then threes, then fours. How do you know four is right? Be- 
cause I counted three groups. 

Shelley -- Grade 3: (S looks at cars, counting to self). 
Four. Are you sure that's right? Uh-huh. Quite sure? Uh-huh. How 
did you know there would be four on each truck? Because there's 
twelve cars and you put four on each one, and that would work because 
iOunecLmess... we 0,8 what am Tidotnga IscanicmexplatnaLys  YOuReLy . 
Well, there's twelve cars and you can put four on each truck, so, 
umm... Did you try any other number first? Yeah. What did you 
try first? JI tried stx, but tt didn't work. What made you try six? 
Because then you could only fill up two trucks. What made you try 
six? Because stx plus six equals twelve. But then you can't do tit 
because you only have two trucks. Did you decide to try six be- 
cause you could only fit six on the back of the truck, or what? 
Yeah. Why did you want to fill the truck up? J dumno. Did you 
think there would be enough cars to put six on each? Yeah. Did you 
count all the cars to see if there would be enough? Yeah. And when 
six wouldn't work, what did you do then? J tried other numbers. What 
did you try? JI tried three. Did that work? Wo. What did you try 
next? hen 1 tried two, but that didn't work etther. What did you 
do then? So, I tried four, and that worked. Is there any other way 


you could figure it out? Er... I don't think so. 
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Problem B. 

Robert -- Grade 1: (S looks at the cars, then at trucks). 
Nine. Are you sure that's right? (S glances at tape-recorder, then 
loads the first truck, and manages to squeeze seven cars on it). 
Seven. Are you sure that's right now? Wo, I'm not sure yet. (Puts 
six cars on the next truck). Stx, but there's none on that truck 
(pointing to third truck). (E repeats the problem question). Seven. 
Are you sure that's right now? Wo, there's seven, and stx, and none. 
Are you sure that's right? (S nods). Do you have the same number 
of cars on every truck? Wo, but there aren't enough cars; they're 
all used up. Why did you put this many on these two trucks? There 
aren't enough for ntne on every one. Did you want to fill the truck 
up? (S nods). Why did you want to do that? Because then there 
wouldn't be any more room. Why didn't you want to leave room? 
Er... (E repeats this question several times but gets no response). 
Do we have enough cars to put nine on every truck, or seven on every 
truck? (S shakes his head). Did you count the cars to see if there 
were enough? Wo. Why not? Er... . I don't know. 

Phil -- Grade 2: (S points to each car in turn, counting 
in whispered tones. He then puts six cars on the first truck and five 
on the second truck, looks at the cars remaining, then sweeps all the 
cars off the trucks. He then puts one car on each truck, carefully 
turning each car to face the front, until there are four on each truck, 
and he holds the thirteenth car in his hand). Four. Are you sure 
that's right? Yeah. Quite sure? (S nods). Why didn't you put that 


one on? Because you said we have to put the same amomt on the three 
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trucks. So, do we have to leave that one off? Yes. How did you 
know there would be four on each truck? Because ...er. 
because you put each of them one at a time and then we find out we 
have one left. Now, when you finished putting one at a time on each 
truck did you know they had the same number of cars, without counting? 
Wo, but I checked. But, could your way make sure that all the trucks 
had the same number of cars? Yeah. You started to put six cars on 
there (indicating first truck), didn't you? Yeah. Why did you do 
that? JI never... I never realtzed that there weren't enough. 
You thought there would be enough for six on each truck? Yeah. Did 
you want to fill up each truck? Uh-huh. Is that why you put six? 
Uh-huh. Why did you want to fill the trucks? JI thought there would 
be enough cars. Does it work that way? Wo, because there aren't 
enough. 

Kathy -- Grade 3: (S looks at the trucks, then loads 
five cars crosswise on the first truck, thus filling it. She then 
does the same on the second truck, and puts the remaining three cars 
on the third truck. She seems to puzzle over this situation, looking 
from one truck to the next. She points to each individual car on 
the first two trucks, apparently counting, then looks again at all 
three trucks. One car is removed from the first truck and put on 
the third truck. S looks expectantly at E, who repeats the question). 
Four. Are you sure that's right? Hr. . . but that one's got five, 
that one's got four, and that one's got four (pointing to the respect- 
ive trucks). (E repeats the problem question). Five (after some 


hesitation). Are you sure that's right now? Yeah. How did you know 
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there would be five? But then thts one (pointing to third truck) 
will have three. What made you say five? I dumno. Did you try 

to put five on all of them? (S nods). Why did you want to do that? 
(S shrugs her shoulders). Couldn't you figure out what to do with 
that extra one? Wo. Did you want to make sure you put all the cars 


on? Unless we go like thts (takes the extra car), and then take 


thts one off (removes the car from the second truck). And what would 


that give you then? Four each. Is that right? Yeah. What about 


the extra one? What do we do with that? J don't know. 
Second Problem Setting 


Problem A 

Debra ~- Grade 1: (S looks at cars, then at trucks). 
I think stx wtll be on each truck. Are you sure that's right? 
Yeah. Quite sure? (She nods). How do you know there will be six? 
I dunno; because I can see that thts has lots of room (pointing to 
the first truck). Do you think there's enough room for six? Yeah. 
Why? Because... er... JI dumno. Why do you want to fill each 
trucksup?, Because . . . en. 5. 1 duno. Because. 4 er. 
they take them to where the other cars are. Do we have enough cars 
to put six on each truck? (She nods). Did you count them to see 
if there were enough? I didn't cowmt them. But you think there are 
enough, do you? Yeah. I see. Did you think about the men being in 
the way (pointing to the two men on the trucks)? Wo. 

Tammy -- Grade 2: (S looks at cars, pointing and count- 


ing sub-vocally). Four. Are you sure that's right? Yeah. Quite 
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sure? (She nods). How did you know there would be four? Be- 
cause there's thirteen of them (there are only twelve). Uh-huh, 
but how do you know there's going to be four on each truck then? 
Because I went ltke that (indicating groups of four); there's four, 
and four, and there's four left. How did you know to make groups 
of four? I saw two there and then two there, and then I put my 
finger on (indicating first group of four cars), for four. Yes, 
but why didn't you put your finger on for three? Did you try three? 
No. Did you try five? Wo. You tried four first, did you? (She 
nods). What if you tried four and it didn't work? J'd try three 
or five. Did you try four because you thought it would be right? 
Yeah. Did you count one, two, three, four, like that? Yeah. You 
show me what you did. JI put my finger on four (indicating first 
group of four cars), then on those four (pointing to next group of 
four), then there was four left, so I had four on each truck. Did 
you have a look to see how much room there was on the trucks? Wo. 
Did you think about the men on the trucks being in the way? WNo. 
What would you do about the men if you couldn't fit four cars? I'd 
take them off. 

Raymond -- Grade 3: (S looks at cars, apparently count- 
ing). Four. Are you sure that's right? Yeah. Quite sure? (He 
nods). How do you know there's going to be four? Etght plus four 
equals, er... How did you know there was going to be four? I 
counted them. You show me what you did. How did you count? Four 
here, four here, and four there (pointing to groups of four). How 


did you know there would be four in each group? Because there 's 
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four here for thts truck, four here for this truck, and four here 

for thts truck (indicating matching groups and trucks). But how 

did you figure out there would be four in each group? I counted 

them with my eyes. You just looked, did you? Did you try making 

any other groups? Yeah, I tried two, and three, and four. You 

tried with two, did you? J started with two. Did three work? There 
was three on here, three on there, three on there (indicating trucks), 
but there'd be three left over. What did you try next? Four. What 
about the men, did you take any notice of them? Wo, I've got men 
just ltke that. I've got a whole bunch of them at home. And did you 
think about how much room there was on the back of the trucks? Yeah. 
Could you fit more than four cars? Yeah. Wouldn't you put more than 


four cars? No, because there tsn't enough cars. 


Problem B 
Chistopher -- Grade 1: (S looks at cars, then at trucks). 
Four. Are you sure that's right? Yeah. Quite sure? Yeah. How did 
you know there would be four? Because I think there's enough room 


for four. I see. Do you think we could fit more than four on each? 


I think we could fit five. You think we could put five, do you? Yeah. 


Could we put six on each? (He shakes his head). I see. But I think 
we could get six on thts one (pointing to the third truck with no man 
on back). Why not six on these two at the front? J dunno, because 
they're smaller than this one. Why are they smaller? JI dunno. Is 


that because there is a man on each of those, is it? Yeah. Couldn't 
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the men come off? (He shakes his head). So you would put five on each. 
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What do you think the answer is then? Five. Did you count the cars 
to see if there were enough to put five on each? One, two, three, 

- + » (pointing at cars). Did you count them before? (He shakes his 
head and proceeds to point and count the thirteen cars out loud). 

Do you think that's enough to put five on each? Yeah. Why wouldn't 
you take the men off? JI duno. 

Michael -- Grade 2: (S glances at the cars, then at the 
trucks. He points to spaces all over the back of the first truck, 
counting sub-vocally, then does the same on the second truck). Twelve. 
Do you mean there will be twelve on each truck; twelve on that one, 
twelve on that one, and twelve on that one (pointing to each truck 
in turn)? Yeah. Are you sure that's right? (He pushes three cars 
up the ramp onto the first truck, then lifts two more on. He goes 
to put a sixth car on but hesitates, then eventually squeezes this on 
without taking the man off. He puts six cars on the second truck, 
carefully lifting the man and standing him on top of a car. He puts 
the remaining car on the third truck, and looks expectantly at E. 

E repeats the problem question. S points to and apparently counts 
the cars on each truck). Stx. Are you sure that's right? J guess 
so. Are there enough cars to put six on every truck? Wo. Why did 
you want to put six? J don't know. Why didn't you take the men off 
the trucks? I didn't think I was allowed to. 

Harry -- Grade 3: Do you understand? Yeah, but I don't 
know how many cars will be on each truck. Well, that's what you have 
to figure out, okay? Yeah, so .. . (He looks at the trucks and 


pushes a car up the ramp onto the first truck, and lifts four more 
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cars on). Can you move the man? (S carries on with the task, so 

E does not respond. S moves this truck forward). That one over 

there (then he moves the second truck up to the ramp and puts five 
cars on this, then moves all three trucks forward so that the third 
one is by the ramp). Er... . looks ltke we run out of cars. He 
puts the remaining three cars on the third truck). We've rum out of 
cars. (E repeats the problem question). Er... five. Are you 
Sure that's right? Yeah. Quite sure? Yeah. Why do you say there's 
going to be five? ‘Cause look tt. Here's ftve numbers (pointing 

to first truck), here's another five (second truck), there's three, 
only (third truck); so, tf you put five cars on each truck, and you 
only have three more left means you can only put three on one truck. 
Uh-huh, but do we have the same number on every truck? Wo. Well, why 
did you leave them like that then? We've got too many cars. You see, 
tf I took this away (moves one car from the second to the third truck) 
and put tt back here, we still got one car (pointing to first truck 
with extra car). So, we gotta put this one somewhere. Uh-huh. Did 
you check to see how many cars there were? Yeah, there's thirteen. 
Why did you put five on those first two trucks? Why didn't you put 
six, or four, or some other number? Because then I wouldn't have 
enough to put here (third truck). But did you know you wouldn't have 
enough to put there when you started? Yean, but. . . Why did you 


put five on the first truck? Because the man was in the way. 
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Third Problem Setting 


Problem A 

Cameron -- Grade 1: (S glances at tape-recorder, then 
looks at cars and trucks intently. He puts three red cars on the 
red truck, three yellow cars on the yellow truck, and three blue 
cars on the blue truck). Three. Are you sure that's right? Yes. 
Quite sure? Yes. How did you know there was going to be three? 
Because there's no more room. No more room there? (E points to 
empty space on a truck). Yes. What do you mean then? (No re- 
sponse). Why did you put the blue cars on the blue truck, and the 
yellow cars on the yellow truck, and the red cars on the red truck? 
Why did you do it that way? Because there was no more blue ones. 

I see. And there would be more of these (indicating yellow and red 
cars left over) than the blue ones. So you could only put three 
on those trucks as well. Yeah. Why did you want to put the blue 
cars on the blue truck . . . (repeating as before)? Because they 
match colors. Why did you want to match the colors? Because they 
look nice like that. Is that the only reason? Yeah. 

Lawrence -- Grade 2: (S looks at the trucks, then the 
cars.’ He puts a red car on the red truck, a yellow car on the yellow 
truck, and a blue car on the blue truck; then continues to repeat 
this process until he gets to the last car). There's no more blue 
ones (as he hesitates then places the remaining red car on the blue 
truck). (E repeats the problem question). Four. Are you sure that's 


right? Yeah. Quite sure? Yeah, I'm sure. How did you know there 


aes senha asdin hd ith: tig ee 
aiid 49 ero her ecu) «109 ef inenseh gto toe epee i 
sutd.aarés bes daues wolley aft 90 x12 volte sends «Aousd_ box 
Gel Tutlger e! tery sump voy s7A seit . (dour) epld add a> e7K2 
fasid? sd oz getog Paw ene? womd voy S15 wal act fetus aoiup 
oo aliog %) %axads aor stom of SRC oem On A RRS Nee 


-25 oi) (agi mnie, wie ab gw an <b? mao songe eam || 


oil bias -aoyas suid <2 nO, eRe awit od3 awe wo bb AW «Comnoge 
Welouts bar st) ao ayes Sex stp bes .dowes wolfey ofa oo oxeg wolley 
sam subd oom Ga apy etter sauce Tysw ied3 Jt ob woy bib. xdW 
ts: ban valley gabinoiget) sdghh Yo erm ad hincs sxeda bith . 900 7 
serds suq viao blues woy d2 We BS A rade (seve lel exes 
aid sie 219 03 Wat vey bao dd¥ eel dew an efours aeons go. 
gaid) eameN  Meaoted am gabsdagar),. » - sours sud eft oo exmd | 
goXd smicnpl Sevalas at dusew 2 samy wow bth wih saaice Agta 
AeAY Samqsen apfino wrls sade at tne At} ante fogs 
ods ids codinas sits ip aloo A) +S abuyo—~ eomerwel 
wolitey sila! no 182 wolley © .dovas bis eds oo 2m bet = a2ug al eaeo ” 
eal seg ghee a eo ee ea 
eid rion or nM fons am ot on, azem i Lt4mo mmaseng Aly 
Auld ors mo uo her qatntamer ols apoetq mails seseaieed af 9b) wor 


ie 
_ 


aT 
7. 


126 


would be four on each truck? 'Cause I can easily see. 'Cause two 
go here and two go here (pointing to cars on truck). Uh-huh. Did 
you count to see if there were four on every truck when you finished; 
or did you only count them on one truck? I cowmted while I was going 
along. I see. How did you count? JI went one, one, one (pointing 
toneach truck inyturn)i; twox fvo; two; dsmee. Si Desee.® Whyddidiyoutpute 
the blue cars on the blue truck, and the yellow cars on the yellow 
truck, and the red cars on the red truck? JI felt ltke tt. Why did 
you feel like it? ‘Cause they're the same color as the truck. Why 
did you want them the same? ‘Cause so every truck can carry the same 
color of cars. But, you've got a red one on there (blue truck). 
Does that matter? WNo, tt doesn't matter. But you wanted to put 
the same colors together, did you? Yeah. Why did you want to do 
thatieslisivetelelteltkendoing tb. 

Karen -- Grade 3: (S looks at cars, apparently counting). 
Wine will . . . twelve and nine ts... nine ts three, so tt's 
etther nine or three on each truck. (E repeats the problem question. 
S looks at cars for a moment). Jf we put four on each truck there 
will be thirteen. Is that thirteen altogether, do you mean? Thirt- 
een altogether, yeah. How many will be on each truck? Four will be 
on each truck. Are you sure that's right, now? Yeah. Quite sure? 
Yeah. How do you know there's going to be four? Because we divide 
these four and put them on this truck, and then put these four on 
this truck, and then put these four on that truck (indicating the 
first four cars for the first truck, etc.). Uh-huh, and will that 


give you the same number on each truck? Uh-huh. How did you figure 
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out there was going to be four on each truck? Because I added these 
with four, so that will make etght, and that four ts thirteen (again 
indicating groups of four). Did you count all the cars to see there 
was thirteen? There's twelve. But you can divide it tnto thirteen -- 
four, four, and four (indicating groups again). Before, you said 
nine or three. What did you mean? Because nine plus three (indicat- 
ing blue cars) equals twelve, and one po have less than the others. 
I see. Did you think about putting the red ones on the red truck, 
the yellow ones on the yellow truck, and the blue ones on the blue 
truck, or not? Wo, because tf you put... (E interjects). Did 

you think about that before I mentioned it? Yeah, I thought about 
tt, but then there'd be only three blues on this truck, and then four 
yellows on thts, and then five reds on that truck (pointing to 
respective matching trucks). Why did you want to do it that way? 
Because then they would match these three trucks. I see, but why 

do you want the colors to match? Hr... JI dunno. Did you want 
them to match, or did you think they had to match? JI thought they 
had to match. And did you want them to, as well? Wo, not really. 


Tell me why you thought they should match. What made you think that? 


pm, ll 10 bas Une. 


Problem B 


Lance -- Grade 1: (S looks at cars, then at trucks). 
Six. Are you sure that's right? (S nods). Quite sure? There'll 
be stx, and three, and five. There'll be six, and three, and five, 


will there? Yeah. Are you sure that's right now? Uh-huh. How 
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did you get six, and three, and five? Simple! How? I just guessed. 
How did you guess? By coumting. You show me what you counted. What 
did you count? This one, and all these (pointing to red cars). You 
counted all those cars did you? How many were there -~ do you re- 
member? JI never got to comt all those (apparently considering all 
the cars). How did you know there was going to be six, and three, and 
five then? Cowt them I... I'm gonna count them. You show me 
the six you counted. This one (pointing to each red car), ltke one, 
two, three, four, five, six. I see, and where would you put those? 
(he points to the red truck). What would you put on here (the yellow 
truck)? The yellow cars. Uh-huh. Why would you put the red cars 
on the red truck and the yellow cars on the yellow truck? Because 
they mateh. Why do you want them to match? I dunno, I ltke to see 
both colors the same. Why do you like the colors to be the same? 
'Cause I ltke those colors to be the same. Will that give us the 
same number of cars on every truck? Wo. Well, why didn't you put 
the same number of cars on each truck then? Because there wasn't 
that number. There wasn't... there wasn't stx of all, or five 
of all, or three of all. Why didn't you mix up the colors to put 
the same number on each? J dunno. 

Sherry -- Grade 2: (S looks at trucks). Hr. . . etght. 
Are you sure that's right? (She nods). Quite sure? Huh? Quite 
sure that's right, are you? (She nods again). How did you know 
there's going to be eight? Because the thing on the truck looks 
like there can be etght cars on tt. I see, uh-huh. And what about 


the cars? Do we have enough cars to put eight on each truck? (She 
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looks at the cars and shakes her head). Well, why did you say 
there's going to be eight on each truck if we don't have enough 
cars for that? JI don't know. Did you think there would be 
enough? (She nods). Why didn't you check? (She shrugs). Did 
you think about putting the red cars on the red truck, and the 
yellow cars on the yellow truck, and the blue cars on the blue 
truck? (She shakes her head). Would that be a way of doing it, 
or not? (Shakes her head and looks at cars). Why not? Yeah. 
Would that give you the same number of cars on each truck? Wo. 
Would you do it that way? (Shakes her head). 

Kelly -- Grade 3: (S looks at trucks, then at cars, 
apparently counting). Five. Are you sure that's right? (She 
counts two groups of five). Watt. ..no. No? Uh-huh. (E 
repeats the problem question). Mmm. .. (She looks at cars again, 
pointing and apparently counting; is pensive for some time). Seven? 
Are you sure that's right? Er... I'll check. (She points and 
checks for two groups of seven, then checks cars again, apparently 
puzzled). Wo, they can't, because there's not even wo sets of 
seven. (E repeats the problem question. She looks at cars again). 
Er... this ts hard. Does tt have to be the sane amount of num- 
bers? (E repeats the question). Mm... . (as she looks at cars). 
We'll have to leave one out. Can we leave one out? (E repeats 
question again. S appears to count cars by twos). Two? Are you 
sure that's right, now? (She points and counts cars several times). 
Four. Are you sure that's right, now? Yeah, but you have to . 


if you leave this one out (indicating last car in the row). Quite 
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sure? (S checks for groups of four). Uh-huh. Why did you say five 
before? I dumno. Did you think about putting the red cars on the 
red truck, and the yellow cars on the yellow truck (S interjects: 
Uh-huh), and the blue cars on the blue truck? Uh-huh. Did you 
think about that before I told you? Uh-huh. Why would you do that? 
Did you want the colors to match? Yeah, sorta. JI thought itt would 


be ltke that. And would it work that way? Wo. 
Fourth Problem Setting 


Problem A 

Lonnie -- Grade 1: (S glances at tape-recorder, then at 
trucks. He aa six cars on the first truck by fitting each one in 
a marked bay, then does the same on the second truck. He looks at 
E, who repeats the question). Stx. There's stx on this one and six 
on that one. Are you sure six is right? Uh-huh. Quite sure? Uh-huh. 
How did you know there were six? Because, see there's one, two, three, 
TOUr,{LUe, ee (pointing to cars), and there's one, two, three, four, 
five, stx (on second truck). What about this truck here (pointing to 
empty truck)? How come you haven't got any on that? Because there's 
not enough . . . because six and stx ts more than none. I see; but 
didn't you have to put the same number of cars on every truck? Mnm, 
but there wasn't enough for this one. Why did you fill those trucks 
up? Because they gotta go somewhere. But what about putting the same 
number on every truck? Didn't you have to do that too? Jf I put three 


here and three here (the empty truck), then there'll be stx on both 
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of these and stx here. Do you need six more to put the same number 
of cars on every truck? (He nods). Can't you put the same number 
on every truck with those cars? I could put three on here (moving 
three cars from the second truck to the empty one) Zike so, there'll 
be one, two, three, four, five, six (the three cars and three spaces 
on the second truck); one, two, three, four, five, six (similarly 
on the third truck). Is that all you can do, is it? Uh-huh. 

Erin -- Grade 2: I know; put them tn the squares (and 
she puts six cars in the bays on each of the first two trucks). Stz. 
Are you sure that's right? One of these don't have one. One's missing 
out (the empty truck, apparently). (E repeats the problem question). 
You mean altogether? (E repeats question again). Sztx. Are you sure 
that's right, now? Uh-huh. Quite sure? Yeah. Now, how do you know 
there will be six? By looking at them. Did you count them as you put 
them on? Wo, I put 'em on then I counted. See, I went two, four, 
stx (indicating pairs on first truck). I see. Have you got the same 
number of cars on every truck? Wo, thts one (the empty truck) hasn't 
got any. But didn't you have to put the same number of cars on every 
truck? Yes, but there wasn't enough cars. You didn't have to fill 
the trucks up, did you? Yeah, but there wasn't enough cars. Did I 
tell you to fill the trucks? Wo. I said to put the same number on 
every wn, i Yeah, but there wasn't enough cars. But couldn't you 
put some cars on that truck (the empty one) so they would all have the 
same number of cars? But then they wouldn't all have six. Do they 
all have to have six? Wo. Well, do you think that you could put some 


on that truck so they all have the same number? Uh-huh. (She quickly 
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takes two cars from each of the full trucks and puts them on the 
empty one). There, they all have four now. Why didn't you do that 
before? I wasn't thinking about that. What were you thinking about? 
I was thinking of putting them all siz. 

Jenny -- Grade 3: (S looks at the cars and the trucks, 
then puts three cars on each truck in turn, followed by one car on 
each truck). Done. (E repeats the problem question). Four. Are 
you sure that's right? (She counts cars on each truck and nods). 
Quite sure? Uh-huh. How did you know that there was going to be 
four? Because there's not enough... there's not enough for each, 
to fill the squares on the back. There's not enough for each car... 
er... truck. Not enough to fill each truck, do you mean? Yeah. 
Why didn't you start to fill up the trucks? It would&i't work, because 
I tried it. I see. Why did you put three on to start with? To see 
tf tt would work, and see how many's left over. Why did you think 
about filling all the spaces? Hr... to check tf tt would work. 


Would it? There wasn't enough cars. 


Problem B 

Jennifer -- Grade 1: (S puts one car in each marked bay 
on the first truck, counting out loud to six as she goes along, and 
then does the same for the second truck). There's only one left 
(as she puts the remaining car on the third truck). (E repeats 
the problem question. S points and counts all the bays on the three 
trucks). Seventeen. I counted them. How many will be on each 
truck? Stix. Are you sure that's right, now? Yeah. Quite sure? 


(She nods). How did you know there would be six on each truck? 
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Because I counted when I put the cars on. Have we enough cars for 
six on every truck? Wo. Did you count before to see if there were 
enough? (Shakes her head). Did you think there were enough? J 
didn't think there were. What did you think? I think . . . when 

- . + when I saw them I didn't think there was enough for three 
trucks; only for two. Well, why didn't you put less than six on 
then? Why didn't you do that? Because I filled up every square. 
Why did you fill up every square? JI filled up every square ltke 
that (pointing to a filled truck). 

Jeffrey -- Grade 2: (S looks at cars then at trucks). 
Dremeeareryoussure that's right? “Ur. «-. 2° cnink eo. lear, . 
think so. Quite sure? Yeah. How do you know there will be six? 
Because you can tell by the lines you used; two lines down there and 
one there (pointing at lines). There's three in there and three in 
there (the bays), and three plus three ts stx. I see. Do we have 
enough cars to put six on every truck? (He looks at the cars, 
apparently counting). Wo... tmposstble. So, why did you say 
six then? Wow I'm sure that there's not gonna be enough, because 
there's three here and three here (first truck), and three here 
and three here (second truck), and Eye thie gonna be one on that 
truck (third truck), and stx on there and stx on there (the first 
two trucks). Why would you do that when there aren't enough for 
six on every truck? Er... I duno. 

Caroline -- Grade 3: (S looks at cars, then at trucks. 
She puts six cars on the first truck, six cars on the second truck, 


then the remaining car on the third truck). Thirteen altogether. 
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(E repeats the problem question). Stix, Stx, one (pointing to each 
truck in turn). Are you sure that's right? (She nods). Quite 

sure? Huh? Are you quite sure that's right now? (She nods). Why 
did you put six on? Because there's six spaces for each of them 
(indicating the trucks). Do you have the same number of cars on every 
truck? Wo. Why didn't you put the same number on every truck? 
Because there's not enough for all the trucks. But, if you put less 
than six, wouldn't there be enough? (She nods). Why didn't you put 


less than six, then? JI dunno. 
Fifth Problem Setting 


Problem A 

Dawn -- Grade 1: (S pushes the first five cars up the 
ramp onto the blue truck putting one car in each space, moves this 
truck forward and drives the yellow truck to the ramp, then loads 
that truck in the same way. She moves both of these trucks forward 
and drives the red car up to the ramp, then puts the remaining two 
cars on it). There's two gonna be on thts one. (E repeats the 
problem question). Five. Are you sure that's right, now? But 
there's supposed to be a man right there (pointing to right front 
bay on red truck where there is no man, corresponding to position 
of man on each of the other trucks). So there will be stx there 
(red truck). (E repeats the problem question again). Five. Are 
you sure that's right? Uh-huh. Quite sure? But there's stx.. . 


but there's supposed to be stx there (red truck). Why did you put 
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five on these? Because the spaces; but there's two on that one, 
but there's supposed to be six. We had to put the same number on 
every truck. Do we have the same number on every truck? (Shakes 
her head). Why didn't you put the same number on every truck? 
Because there's just two more left. Uh-huh. Couldn't you put 
less than five? Wo. Why not? Because the man was there. 
Couldn't you put less than five? What about four on each -- 
would that work? Wo. No? Wo, because there'd be a few more 
spaces left. 

Glen -- Grade 2: (S points to, and apparently counts 
the empty bays on each truck). There'll be five on these two trucks 
(the blue and yellow), and stx on this one (the red truck). (E 
repeats the problem question). Stx on each truck. Are you sure 
that's right? You mean tf you put all the trucks ... all the 
same amount on every truck? (E repeats the question again). There'll 
be stx. Are you sure that's right, now? Yeah. Quite sure? (He nods). 
How did you know there was going to be six? Well, because there's 
stx squares. I see. Why did you say five before, on those two trucks? 
Because there's them two men there. Can't the men move off? Yeah. 
Did you think about putting the blue cars on the blue truck, the yellow 
cars on the yellow truck, and the red cars on the red truck? Did you 
think about that? Wo. Have we enough cars to put six on every truck? 
(He counts the cars). Wo. Did you count the cars before? I didn't 
count the cars. I counted the spaces. Do you think it would have 


helped if you counted the cars? J dunno, 
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Curtis -- Grade 3: (S looks at trucks and cars, glances 
at E, then looks at cars again, apparently counting). Four. Are 
you sure that's right? Yeah (after some hesitation). Quite sure? 
(He nods). How do you know four is right? I just counted the cars. 
You show me how you counted. Er... ltke... first I did wmm 

stx, but that wasn't right, and so I did four. I see. What 
made you try six? Er. . . because there's stx squares on each 
truck. What about the men being on the trucks? Does that make any 
difference? Hr... Did you think about the men being in the way? 
(He shakes his head). And did you think about putting the blue cars 
on the blue truck, the yellow cars on the yellow truck, and the red 
cars on the red truck? Uh-huh. Did you think about that before I 
told you? Yeah. What made you think about that? Hr... .TI dunno. 
Why didn't you go on and do it that way? Because there's only three 
blue cars. How do you know four is right? Because that's the same 


amount on every truck. 


Problem B 


Michael -- Grade 1: (S glances at cars, then at trucks). 
Stx. Are you sure that's right? Yeah, because they're so small you 
could just fit six in. Uh-huh. Even though there's not much room 
between the lines you can still fit stx tn. So you would put six on 
there, six on there, and six on there (pointing to trucks). Is that 
what you would do? Yeah. And what about the men being there? What 
do we do with them? Put them tn the truck. Do we have enough cars 


to put six on each truck? Yeah. Did you count them to see if there 
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were enough? Wo. How do you know there are enough cars to put six 
on each truck? Because three and three ts stx (pointing to bays on 
yellow truck). But how do you know there are enough cars to put six 
on every truck? Oh, I just know. Did you think about putting one in 
every space, did you? Yeah. Why would you fill the trucks up? 'Cause 
I'd try to get as much as I could out. Why would you do that? So 
they could sell them. I see. Did you think about putting the blue 
cars on the blue truck, the yellow cars on the yellow truck, and the 
red cars on the red truck? Yeah. Did you think about doing it that 
way before I told you? Yeah. Why would you do it that way? Because 
they mateh. Why do you want them to match? 'Cause they'd probably 
look better. They would look better, would they? Yeah. Thts ts 
what kind we have -- a Butck (pointing to a car). 

Anne -- Grade 2: Yeah, but I don't know how many trucks. 
I could fill the lot in. (E repeats the question). We'll have to 
squash 'em tn there (as she puts the first five cars on the blue truck). 
(She puts the next five cars on the yellow truck, then the three re- 
maining cars on the red truck). J don't get thts; there's three left. 
I'm gonna try another number then. (She shifts one car from the blue 
truck onto the red truck, then removes a car from the yellow truck). 
There; one car left (and she waits expectantly). (E repeats the prob- 
lem question). JI think four. Are you sure that's right? JI dunno . 
Yeah, because if we put five on each truck there's three left. Uh-huh. 
Now there's one left, and tf we put tt on etther one truck tt's wmeven. 
Are you sure four is right, then? (She nods). How do you know there's 


going to be four? Because, tf I put five here, five there, there mght 
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be... there were three left then. So I have to take one from 
there and put tt on there, and take one off there (pointing to 
trucks to indicate actions carried out previously). Uh-huh. What 
about the colors? Did you think about putting the yellow cars on 
the yellow truck, and the blue cars on the blue truck, and . 
I don't think so. Do you think that matters? Wo, because there 

. because there are four yellows, and there are more reds than 
blues. There's only three blues. So you don't think that matters, 
eh? Wo,'I don't think tt'd matter. Wouldn't it*help if you did 
that? Wo, because we have to put the same amount on every truck. 

Celina -- Grade 3: (S glances at cars, then points to 

and counts spaces on each truck). Five. Are you sure that's right? 
(She looks at the trucks). There'll be stx tf you take these men 
off. Are you sure that's right now? Yeah, stx. Why did you say 
five before? Because I didn't cout the men, and the men stayed 
there. Would you take the men off? Yeah. Okay. Do we have enough 
cars to put six on every truck? Fr... yeah, I think so. Did you 
count to see if there were enough? (She counts the cars to herself). 
No. Didn't you count them before? (She shakes her head). Why didn't 
you? (No response). Did you think there would be enough for six on 
every truck? (She nods). I see. Now, did you think about putting the 
blue cars on the blue truck, the yellow cars on the yellow truck, and 


the red cars on the red truck? Did you think about that before I told 


you? Wo. 
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